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INTRODUCTION 
Animal production in the United States continues to increase, because 
Americans are demanding more meat in their diets. At the same time the 
number of animal production units is decreasing, and most units are 
increasing in size to increase income and reduce labor requirements. One 
man with a fully mechanized system can produce as many as 2000 hogs per 
year if he specializes his operation. The trend is expected to continue as 
labor costs become higher and higher. 
While larger production facilities concentrate animal production in a 
very small area, they also concentrate manure. Manure handling must be 
mechanized as much as other elements of the animal production system if the 
operator is to maintain the labor advantage he has gained through the 
larger production facility. Manure handling must also be economical,. 
because all costs and operating expense of the manure handling of the 
system must be subtracted from other advantages and profits. Success or 
failure of the manure management element can mean success or failure of the 
entire production unit. 
Over the past ten years, several investigators have studied biologi­
cal treatment of animal wastes using modifications of various industrial 
and municipal waste treatment methods and devices. The goal of the various 
treatment schemes, in most instances, has been to biologically treat 
manure in various dilutions of water and thus reduce the carbonaceous or 
oxygen-demanding fraction sufficiently to allow ultimate disposal to 
surface water courses. In most cases the treatment schemes have been 
successful in reducing the carbonaceous fraction if only the percentage 
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efficiency of reduction of this fraction is considered. Animal wastes 
are, however, usually much more concentrated than sewage or industrial 
wastewaters, which means that even with a degree of treatment the liquid 
effluent is still of sufficient strength to cause oxygen depletion prob­
lems in the watercourse. Additionally, the final liquid may be highly 
colored and aesthetically unpleasing. It also contains enough nutrients to 
stimulate aquatic plant growth. 
At the same time various treatment schemes were being tried, the 
public was becoming more aware of water pollution and demanding stricter 
rules on water quality. Animal manures must eventually either be returned 
to the soil or otherwise kept out of the hydrologie cycle in concentrations 
sufficient to cause unacceptable degradation of the surface and ground 
waters of the area. Therefore, no direct discharge of animal wastes 
effluents can be recommended, as an acceptable practice in agriculture. 
The most feasible alternative presently available is to return the wastes 
to the soil. 
The general practice of animal waste disposal up to the 19^0*s was to 
return the manure to the soil in quantities that would maximize crop pro­
duction. Benefits were believed to be gained from the plant nutrients 
contained in the manure, while the organic material improved the soil 
tilth. Swine manure was commonly applied, to cropland at an annual rate of 
about ten tons/acre. This rate added about 100 lb/acre of nitrogen. 
Later, chemical fertilizers beceune less and less expensive, labor costs 
increased rapidly, and the whole idea of handling animal manures was less 
attractive. Today most economic studies will show that the return on 
labor used for handling and spreading manure as a fertilizer is quite low. 
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In other words, the producer cannot compete profitably using manure as a 
fertilizer. 
The question facing today's livestock producer now becomes—what is 
the least-costly method of acceptably disposing of the manure or the 
associated wastewater resulting from the production of livestock? The 
limiting factor in determining the cost of disposal of animal wastes 
appears to be the amount of nitrogen contained in the wastes. The recent 
concern with the amount of nitrogen in the environment and its effects is, 
and has been, widely studied. The form receiving greatest attention is 
nitrate. Nitrate salts are water soluble, and nitrate does not react to 
any great extent chemically or physically with soil constituents to form 
insoluble products (18)^. As a result nitrate in soils is readily avail­
able for plant uptake or deeper movement into the soil where it may be lost 
to ground waters by leaching. It is this unique property of nitrate, 
coupled with its toxicological and nutrient properties, that make it of 
such concern. 
Nitrate toxicity in animals was reported as early as 1895 (3^) and 
has subsequently been verified in numerous other reports. Two recent 
studies on the effects of nitrate and nitrite content in the drinking 
water of animals showed a surprisingly high tolerance. Water containing 
up to 300 mg/l of nitrate-N or 100 mg/l of nitrite-N was found satis­
factory for poultry when used with a diet containing high vitamin A 
activity (l). No effect was found on gain, general thriftiness, or 
breeding and reproduction performance of swine when given drinking water 
containing 300 mg/l nitrate-N from sodium nitrate-N (44). Nitrite-N 
^Numbers in parentheses refer to references cited. 
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from sodium nitrite up to 100 mg/l gave measureable though small increases 
in methemoglobin but no obvious detrimental effects on performance or 
vitamin A content in the liver (44). The same study reported that 1000 
mg/l of nitrate-N showed no detrimental effects on sheep, but that up to 
as much as 16 percent of the hemoglobin was methemoglobin. In farm 
animals, particularly ruminants, toxicity can range from chronic to acute, 
with a range of symptoms from general loss of appetite, poor performance, 
inhibition of iodine and vitamin A metabolism, and abortions to death 
within a few hours (60), The extent of toxicity appears to be a function 
of many factors, including cige, diet, adaptation to prolonged nitrate 
feeding, and species. 
The main concern in human health is infant methemoglobinemia, caused 
by high nitrates in drinking waters and first reported in 1945 (10), As 
a result of such incidences and testing, the tolerance limit of nitrate-N 
in potable water for unrestricted use in the United States has been set at 
10 mg/l (14), As a point of reference, 10 mg/l of nitrate-N is equal to 
2.2 lb, per acre-inch of water. In Iowa where the average water yield is 
about 6 inches, 10 mg/l would then be equal to an annual loss of 13,2 lb/ 
acre. Many people today are drinking water containing considerably higher 
concentrations of nitrate-N, Apparently the human body can adapt to 
nitrate-N in drinking water. However, one of the real concerns in a 
mobile society such as we have is that people unaccustomed to high nitrate 
water may not be able to cope with water from such supplies when they may 
occasionally use them. The presence of high nitrate in drinking water, if 
known, is not a great health hazard; however, it is an inconvenience and 
an economic problem, because the only sanitary methods to remove nitrate 
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are by distillation or deionization. 
Nitrogen and phosphorus are believed to be nutrient elements most 
often limiting the productivity of surface waters (50). A soluble nitrogen 
concentration of 3 mg/l is sufficient to stimulate algae production (50). 
Whereas the amount of nitrate in surface runoff waters is generally low, 
nitrate in tile drainage and ground waters can contribute to the nutrient 
load of surface waters through interflow (59» 19)« High nitrate levels are 
seldom found in lakes and artificial impoundments, either because of its 
rapid use by the biota or because of denitrification (22). Streams, 
on the other hand, often contain up to several mg/l of nitrate-N (19)» 
Currently, there are no known restrictions on the permissible 
concentration of nitrate-N in waste of effluent discharges to streams. 
Discharges from agricultural operations are so diverse that any standards 
on them seem almost impossible to control. The proposed regulations for 
the application of plant nutrients would be one indirect method for 
controlling nitrogen in waters emanating from agricultural sources (24). 
The future likely will bring more restrictions on the use of nitrogen in 
the environment as we move closer to the time man's effects on the 
environment become more and more capable of upsetting the natural relation­
ships that allow life to continue on this planet. 
This research is concerned with the associated wastewater portion of 
the waste load created by livestock production. More specifically, it 
deals with the liquid effluent from anaerobic lagoon treatment of swine 
wastes from a growing finishing type operation. This particular anaerobic 
lagoon effluent is low in suspended solids; therefore, it can be handled 
conveniently with conventional liquid conveying equipment, and disposal by 
sprinkler irrigation is attractive because the labor requirements can be 
minimized. 
In 1968 a project was initiated to study treatment and disposal of 
anaerobic lagoon effluent by soil percolation. A literature review along 
with the layout and procedure for the first year's operation is reported 
elsewhere (29» 31» 53» 5^)* Briefly, the results of the first season's 
operation were as followss 
1. The active soil profile appears to offer great potential as a 
final treatment medium for partly treated animal wastes. 
2. Anaerobic, livestock-lagoon effluent sprinkled on grass-covered 
soil profile reduced the GOD, phosphorus, and nitrogen concen­
trations 95» 99» and 80 percent, respectively, in 3 months of 
operation in central Iowa during the summer of I968. 
3. Within the loading ranges of I3.9 to 30.5 in. of lagoon effluent, 
the four treatment levels studied performed similarly. 
4. Removal of GOD was attributed to biological activity and 
physical filtration in the upper inches of soil. 
5. Phosphorus reduction resulted from chemical activity of the clay 
fraction near the soil surface. 
6. Nitrogen reduction was attributed primarily to denitrification 
in the soil profile. 
These observations were based on short term operation; however, the sub­
stantial reduction of applied nitrogen was most intriguing. Therefore, the 
field experiment was continued to study a longer term effectiveness of the 
soil and to explore the mechanisra(s) of nitrogen loss in the disposal 
system. 
The objectives of this research were as follows: 
1. Determine the effectiveness of the soil profile in renovating anaero-
bically treated swine wastes over a three-year period, 
2. Observe and evaluate gross changes in the soil system. 
Evaluate the various mechanisms for loss of nitrogen by the disposal 
system. 
Project the system applicability to disposal of anerobic léigoon 
effluent and feedlot runoff in Iowa. 
8 
LITERATURE REVIEW 
The original intent of this research project was to apply the anaero­
bic lagoon liquid in quantities well above those rates adequate to provide 
enough plant nutrients for high plant yields. In other words, we wanted to 
use the soil as a disposal media and to determine the capabilities of the 
soil to renovate a large quantity of liquid wastes (29, 53)* The hydraulic 
capabilities of the soil along with the organic matter content of the 
liquid limited the amount of effluent that could be infiltrated into our 
Clarion-Webster type soil to about 50 inches/year (33)» At this rate we 
would apply up to 4^00 lb/acre of N and 600 lb/acre of P (phosphorus) in 
one disposal season. In a least-cost disposal system, maximum acceptable 
disposal rates are a key factor in determining costs. Less need for land 
results in lower investments in land and spreading equipment, and probably 
lower labor requirements. On the other hand, maximum disposal rates may 
seriously limit the returns from the plant nutrients associated with the 
wastes even though an oversupply of nutrient value today appears to be of 
little or no economic concern. 
Numerous research projects have been started to determine maximum 
disposal rates of animal wastes in soil. A study in Kansas, begun in 
1970, applied cattle feedlot runoff at rates from 0 to 16 inches onto 
corn (34^* The same authors plowed down 0 to 320 tons/acre of manure into 
corn land and irrigated the plots with well water. Corn yields were 
depressed on plots receiving more than 80 tons/acre of manure. The effects 
on the soil and soil solution quality have not been reported. 
In Nebraska 0 to 260 tons of dry matter from beef feedlots and a 
dairy were applied to furrow irrigated plots that were disk-plowed at 
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different depths and seeded at various rates with a sorghura-sudan cross 
forage (ll). The first year's results indicated that forage yields were 
depressed with manure applications above 120 tons/acre. Nitrogen and 
sodium did not limit the use of surface runoff water, but potassium 
concentrations restricted the runoff to irrigation uses only. One year's 
application did not affect the underground water quality. The authors 
suggest that annual heavy applications of manure will lead to deterioration 
of the physical properties of the soil because of the large amounts of 
sodium and potassium in manure. 
A study in Washington state involved a farm scale dairy waste disposal 
system. The main objective was to define the loading level for disposal 
of liquid dairy wastes from lagoons onto areas growing crops that will tend 
to recycle nitrogen (52). Waste, soil, and plant parameters were studied. 
In Texas, feedlot wastes were applied at rates from 0 to 240 tons/ 
acre to determine the effects of varying rates of cattle feedlot wastes on 
crop growth, nitrate content of forage, and accumulations of nitrate, 
chloride, and other constituents in the soil profile (35)» Nitrate build­
up in the soil was eliminated only when the crop used most of the applied 
nitrogen. These results were based on two year's data, 
A. second study in Texas begun in 1970 applied cattle feedlot wastes at 
rates from 0 to 900 tons/acre to evaluate various tillage implements' 
ability to plow under up to 900 tons/acre of wastes and cover with enough 
soil to eliminate odors, to evaluate this disposal method for possible 
pollution of surface water and ground water, and to evaluate the difference 
soils as manure disposal mediums (43). Early results indicated that little 
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nitrate was moving to the 4-foot depth, because denitrification was 
taking place. The major ground water and soil pollution problem appeared 
to be from sodium chloride. As a point of reference, 100 tons/acre of 
feedlot wastes will cover one acre about one inch deep. These disposal 
rates might be described as forming shallow sanitary landfills. 
All of these investigations were designed as attempts to exploit the 
capability of soil to assimilate large quantities of wastes and to renovate 
any water moving through the soil below these disposal areas. The 
literature cited thus far describes, at most, a few years of operation of 
these high intensity disposal rate areas. The long term effects will not 
be known for quite some time. In all cases one of the objectives of the 
research was to maintain crop growth and productivity on the disposal 
areas. If conditions optimum for plant growth are maintained in the normal 
root zone of the soil used for disposal, aerobic or oxidizing conditions 
must be maintained for most of the growing season. On the other hand, if 
the large amounts of nitrogen applied in the wastes are to be lost by 
denitrification, which is the only real pathway available without causing 
water pollution, reducing or anaerobic conditions would be necessary for 
considerable and controlled periods during the growing season. The 
compatibility of these two conditions without some overt means of control 
appears to be highly unlikely. 
Unfortunately, the hydrologie cycle cannot be controlled completely 
without some modification of the soil or by selection of areas where the 
soil is such that pollution problems of water resources will be minimized. 
The state of Iowa has recognized this fact and in 1970 passed new rules 
governing sanitary landfills (2?). High intensity disposal areas, if used 
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by faœmers> could possibly come under these same laws. Specifications for 
locating such fills have been made more stringent. Also, the geologic 
material below landfills must be such that downward leaching through the 
fill will not cause damage to water supply aquifers. The allowable 
leaching rate has been defined in terms of the permeability of the material 
and the hydraulic gradient available to cause leaching. 
Another approach to allowable manure disposal is to use application 
rates that consider the requirements of plants for the nutrients contained 
in the manure. In these cases the nutrients, and especially nitrogen, 
are recycled from the soil by the harvest and removal of plants for animal 
feed. Nutrient losses from such systems result in the wastes being 
disposed on smaller areas than were required for production of the feed-
stuffs for the animals. 
One such study in a dairy area in southern California looked at the 
fate of inorganic forms of nitrogen from land-disposed manures (2, 3). 
Considerable movement of nitrate in the soil solution through the profiles 
underneath the disposal areas was found. One method recommended for 
reducing the nitrogen in the wastes to be disposed of was to maximize the 
loss of ammonia to the atmosphere before disposal. Table 1 shows expected 
groundwater concentrations of nitrate-N for various disposal rates 
assuming that the average cow excretes 146 lb/year of N, one half of the 
excreted nitrogen is lost to the air, and denitrification losses in the 
soil are 50 percent of the nitrogen applied to the soil. 
For Ontario conditions two levels of manure disposal were suggested 
(55)* The level for crop utilization of the nutrients was one half the 
rate suggested for pollution control. The suggested rate for pollution 
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control was 3IO lb/acre of N per year. 
Table 1. Concentrations of nitrate-N expected in groundwater under manure 
disposal areas (l?) 
Cows/ac 
N applied 
to soil^ 
Ib/ac/yr 
N recovered 
by crops 
Ib/ac/yr 
Expected NCL-N 
concentration, 
in groundwater 
mg/l 
1. 73 60 1.9 
3 219 155 9.4 
5 365 215 22.2 
10 730 265 68,8 
^Assumes 5O percent of excreted nitrogen lost to the atmosphere as 
ammonia before disposal, 
^Assumes 50 percent of applied nitrogen lost by denitrification 
within the soil. 
Design criteria suggested by Missouri (19) for disposal areas, 
referred to as soil-plant filter areas, appear to be based on quantities 
of nitrogen in the wastes. Basic guidelines for sizing soil-plant filter 
areas for hogs, beef cattle, and dairy animals are 30 tons/acre on pasture 
and 40 tons/acre on cultivated land. They further state that management 
is required to insure removal of the crop, and, to insure continued pro­
ductivity of the soil. Soil tests may be required to determine the 
necessary balance of major and minor elements in the soil. 
The state of Illinois is currently holding public hearings on the 
possibility of limiting annual plant nutrient applications, specifically 
nitrogen (24). The public hearings are attempting to define what the 
exact level(s) will be for the state. This limit could be of major 
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importeince to the livestock producer, because it may well determine how 
much land must be associated with animal production units to be used as the 
waste disposal area. Also, requirements for transporting and spreading 
equipment as well as labor required for manure disposal might be increased. 
The general conclusion that can be drawn from the literature is as 
follows: Concern for a low cost -nanure disposal system for large produc­
tion units coupled with the low cost of plant nutrients and the environ­
mental awareness of the general public have resulted in numerous research 
studies on various rates of manure disposal. Unfortunately, no studies 
have been followed long enough to determine which system(s) and disposal 
rates will minimize degradation of the environment and still provide the 
producer a low cost manure disposal system. Further, nitrogen content of 
animal wastes appears to be the constituent that limits disposal rates. 
Today the nitrogen content of animal wastes is a detriment. As a 
result, interest is being shown in reducing the nutrient value of animal 
wastes before disposal. Most animal waste treatment schemes reduce the 
nutrient quantities in the wastes, but the reduction capabilities of the 
system have not been exploited. The anaerobic lagoon used in the work 
presented in this thesis has been reported to lose 45 to 50 percent of the 
total-N added over a 30-month period when the lagoon was operated as a 
flow-through system with a theoretical detention time of about 60 days (58). 
When the same lagoon was operated with a detention time of 200 days, 57«5 
to 65 percent of the total-N added was removed (47)» The losses of 
nitrogen in the lagoon were thought to be primarily by volatilization of 
ammonia to the atmosphere from the slightly alkaline (7«3-8.0) solution. 
Another report showed that manure stored for 259 days under anaerobic 
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conditions lost 76 percent of the total-N (41), The loss was practically 
all by ammonia volatilization. 
An oxidation ditch used to treat the wastes from 700 finishing swine 
reduced the nitrogen content of the wastes by 79*7 percent over a two-
month operation period (47). In the oxidation ditch some nitrogen was 
lost by ammonia stripping by the rotor and as nitrogen gas from nitrifi­
cation and denitrification as the mixed liquor moved around the ditch. 
One deliberate attempt at reduction of nitrogen content of preaerated 
chicken manure slurries prior to land application involved addition of 
sodium hydroxide to raise the pH and then stirring the slurry to increase 
ammonia desorption (21). The combined process of preaeration to convert 
organic-N to ammonia followed by ammonia desorption resulted in an average 
total-N loss of 72 percent. The stirring rate had little effect on the 
rate of ammonia desorption while air currents above the liquid-gas inter­
face had a significant effect on the rate of ammonia desorption. 
Significant losses of ammonia have been monitored from a large 
cattle feedlot in Colorado (23). The ammonia lost per year from the feed-
lot appeared to be great enough in quantity that the amount absorbed on a 
lake in the vicinity raised its nitrogen content 0,6 mg/l. Further work 
along this same line in Nebraska and Iowa found small feedlots and even 
pastured cattle can contribute distillable nitrogen to the atmosphere (15). 
The ammonia lost by desorption from animal manure usually is in 
concentrations below the level which can be detected by the human nose. 
The only real concern with this type of nitrogen removal seems to be where 
and in what quantities it will be absorbed in the environment. In New 
Jersey absorption of atmospheric ammonia on soils has been studied (33» 
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20). Factors affecting absorption included ammonia concentration in the 
air, temperature at the absorbing surface, and wind velocities. Higher 
wind velocities promoted absorption, and the rates were governed by factors 
affecting supply to the soil surface. The bonds between the soil and the 
ammonia appeared to be chemical rather than physical bonds. With an 
average ammonia-N concentration of 0.057 mg/m^ in the air, ammonia-N in 
precipitation averaged 92g/acre-inch, while soil absorption ranged from 23 
to 91 g of ammonia-N/acre/day under field conditions. This was believed to 
be a factor in higher corn yields without fertilization with nitrogen in 
several New Jersey field trials. The acceptability of ammonia desorption 
to reduce the nitrogen content of animal wastes has not been decided. 
A less controversial way to lose nitrogen as far as the environment 
is concerned would be through denitrification. Denitrification is the 
biological process whereby nitrate is reduced to gaseous nitrogen com­
pounds, such as nitrogen oxide and free nitrogen. The atmosphere contains 
about 79 percent of harmless free nitrogen. The conditions necessary for 
this process are a source of nitrate, an available organic carbon source, 
a sufficient population of denitrifying bacteria, pH 5~9» little or no 
molecular oxygen, and temperature 10-60°G (7). Denitrification is 
currently being widely researched, especially for nitrogen removal from 
sewage effluents. 
Before denitrification can be effective the nitrogen must be nitri­
fied. The nitrification step for animal waste treatment is the costly 
part of the process. Before nitrification can proceed efficiently, most 
of the carbonaceous fraction of the waste must be stabilized. Also, the 
autotrophic nitrifying organisms are rather environmentally sensitive. 
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The pH for optimum nitrification must be about 8.0 (13). Nitrification 
cannot be continued throughout the year in animal wastes treatment systems 
unless heat is added to the system. At the present time the economics 
of building and operating nitrification-denitrification facilities for 
animal wastes is not favorable when compared to hauling the wastes to 
cropland. One attempt at nitrogen removal, as well as phosphorus removal, 
from anaerobic swine lagoon is being studied (l6). The system consists of 
a bed of sand on an impermeable barrier constructed with a (nitrifying) 
aerobic zone layered on top of a (denitrifying) anaerobic zone in the bed. 
As flow proceeds from the aerobic zone to the anaerobic zone, molasses is 
added as an available organic carbon source. Limestone covers the top of 
the bed to precipitate the phosphorus as insoluble calcium and magnesium 
phosphates. The lagoon effluent is sprinkled on top of the bed at 0.8 
inch/day during the summer. The final effluent from the system contains 
less than 1 mg/l of N and less than 0,1 mg/l of P. The oxygen demand of 
the final effluent precluded stream discharge; however, disposal by 
irrigation could be done with no difficulties. No cost estimates for 
construction and maintenance have been reported. 
Nitrogen losses from the soil have been widely studied. The initial 
studies were concerned with minimizing the loss of nitrogen from the root 
zone of plants to reduce the economic losses when nitrogen was relatively 
expensive. Today the objective is to use denitrification to control the 
nitrate concentration in deep percolating water under areas of high rates 
of nitrogen application. Many of these areas are those where animal wastes 
are applied. Although the study is somewhat dated, the work reported by 
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Bremner and Shaw (?) still is the most complete report on factors affecting 
denitrification in soils. The conclusions from their study include the 
following: 
1. It was found that the rate of denitrification of nitrate in 
soil was dependent upon various factors such as the pH, tem­
perature and water content of the soil and that, under condi­
tions conducive to denitrification, 80-86^ of nitrate-N added 
to Rothamsted soils was lost be denitrification in 5 days. 
2. The rate of denitrification was greatly affected by the pH 
of the soil. It was very slow at low pH (below 4.8), in­
creased with rise in soil pH and was very rapid at pH 8.0-
8.6. 
3. The rate of denitrification increased rapidly with rise in 
temperature from 2° to 25°G. The optimum temperature for 
denitrification was about 60°C. 
4. The degree of water saturation of the soil had a profound 
influence on the rate of denitrification. Below a certain 
moisture level practically no denitrification occurred; 
above this level denitrification increased rapidly with 
increase in moisture content. The critical moisture level 
was about 6O5S of the water-holding saturation capacity of 
the soil. 
5. No loss of nitrogen by denitrification could be detected when 
moist soils were incubated with or without nitrate and glucose 
and were aerated continuously during incubation. 
6. It is shown that the rate of denitrification in soil depends 
upon the amount and type of organic material present. 
7. The results obtained support the view that denitrification 
occurs only when the supply of oxygen required by the soil 
micro-organisms is restricted. 
In natural soils, under ideal conditions, denitrification has been 
detected with as low as O.3 percent carbon (37). Another investigator 
reported denitrification in soils with as low as 0.41 percent carbon, 
though retarded below I.50 percent carbon (12). Denitrification decreased 
logarithmically with increasing soil depth, i.e., decreased availability 
of carbon. One observation from a study involving manure application to 
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soils suggested «hat flooding or waterlogging of a soil may not cause 
widespread reduction of nitrate unless adequate energy material is avail­
able (4l). 
Unexplained losses of nitrogen from soil, wholly or partly attributed 
to denitrification, are numerous. Several that apply to the system used 
for the research reported in this thesis are worthy of mention. In a 
sewage irrigation project nitrogen loss was attributed to denitrification 
in the presence of fresh organic material and alternate aerobic-anaerobic 
conditions in the soil (49), In sewage spreading basins in Arizona good 
nitrification/denitrification was reported with a procedure of flooding for 
1 day and then allowing the basins to dry for 3 days. In a field experi­
ment in California tile drains were deliberately installed deeper thaji 
normal, and the outlets were submerged to create submerged conditions on 
the entire length of the drains (56). The rationale of this setup was 
twofold. First, the submergence required that all water entering the 
drains flow through a saturated zone that could become anaerobic if 
enough organic matter was present and result in denitrification. Also, 
the velocity of flow through the most likely aerobic zone directly above 
the drains was greatly reduced. Results were complicated because of an 
external source of high nitrate water flow into the tiles. 
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FIELD EXPERIMENT 
Layout and Design 
The complete layout and design of the field experiment has been de­
scribed elsewhere (29» 53)» In summary, an anaerobic swine lagoon which 
receives the wastes from 65O-7OO finishing hogs with an average animal 
weight of about 135 lbs. was used as the effluent source for irrigation. 
The lagoon serves as a supply for wastewater pumped back to flush tanks in 
the building. These tanks are periodically discharged into two, 42-inch 
wide by if-inch deep sloping manure gutters located along one end of a 
series of long, narrow pens (4?). The only fresh water normally added to 
the system is by spillage from the waterers, occasional wash water, and 
sprinkler water used for summer cooling. The manure plus extra water adds 
about two gal/day for each animal in the building. The evaporation from 
the lagoon is about equal to the annual precipitation onto the leigoon. 
All surface water is diverted away from the lagoon. Thus we would expect 
about 500 thousand gal/year of lagoon effluent will need to be disposed of 
from the system. During this research, however, the normal routine was 
altered by the requirements of other work. Fresh water was used for 
flushing on several occasions because of modifications and breakdowns. 
The total quantity of liquid added in I969 was not determined, but 
it was estimated at about two million gallons. In 1970 the total quantity 
of liquid added was 1.4 million gallons (30). The anaerobic lagoon was 
originally designed (58) with a deep section (to be anaerobic) and a 
shallow section (to be aerobic). However, the entire lagoon became, and 
has remained, anaerobic throughout. 
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Figure 1, General layout of field research area 
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The disposal field was located adjacent to the lagoon on a poorly 
drained Clarion-Webster complex soil with a maximum slope of 3 percent 
(Figure l). All foreign drainage across the field was diverted by a small 
dike. No attempt was made to control runoff on the irrigation field. 
With a cover crop and clear water the infiltration rate on the silty clay 
loam soil is from 0.5-1.0 inches/hr (26), These soils require artificial 
drainage because of their characteristically depressed or level topography 
and relatively heavy and impervious subsoil (8). 
The layout of the system used in this research consisted of twelve 
40 ft, by 60 ft. plots in a rectangular pattern as shown in Figure 2. 
At its center each plot was underlain by a 5-inch clay drain tile line 
placed approximately k ft, deep, as recommended for drains in this soil 
(25). The drains insured drainage of the profile and provided a means 
to follow renovation of the effluent as it percolated through the soil. 
The tile lines drained to a sump where outflow measurements and quality 
samples could be taken. The buffer area between plots was 40 ft., 
which gave a tile spacing of 80 ft. It provided enough separation 
between plots so that percolating water on one plot would have no 
influence on tile flow rates on adjacent unirrigated ones. The section 
of drainage line from each plot to the sumps was not sealed. 
Each of the three sumps received drainage from four adjacent plots. 
These sumps were 48-inch diameter corrugated metal culverts with five 
6-inch corrugated metal pipes welded in place. Four of the pipes received 
drainage from the plots, and the fifth was the outlet to the main drain­
age line. The main drainage line discharged to an adjacent surface 
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drainage ditch. Joints of the sump outlet lines were sealed with sheets 
of plastic film to eliminate any of the subsurface drainage from the 
plots by passing the sampling points in the sumps. The sumps had poured 
concrete bottoms approximately four inches thick. 
Several modifications and changes were made after the first season 
of operation. The lysimeter pan sampling system used during the first 
season within the soil profile was abandoned because of settlement prob­
lems in the trenches and obvious short-circuiting of flow along the 
wooden storage sumps. Three 2-inch diameter ceramic porous cups attached 
to 2-inch diameter PVG pipes were installed in each plot in 1970, one at 
each depth of 6, 12, and 24 inches as shown in Figure 3* Also, in I969, 
piezometer type wells were installed at depths of 6 and 8 ft, in each plot 
as shown in Figure 3* Three other sets of wells were installed outside 
the plots at locations shown on Figure 2. Originally, the 8-ft, wells 
were to have been 10 ft, deep, but because of the hardness of the dense 
subsoil the probe truck could not penetrate to that depth. The wells 
consisted of a length of l-j-inch PVG pipe capped with a one-hole rubber 
stopper fitted with a plastic U-tube for ventilation. Kanometric type 
tensiometers were added to six plots at depths in the soil of 6, 12, and 
24 inches in each plot. The 6-inch deep tensiometers were used to deter­
mine irrigation scheduling. Also, all tensiometers gave indications of 
the moisture status of the soil moisture at the three depths, Tensiometer 
locations in the plots are shown in Figure 3» 
The plots were used primarily for disposal throughout the three-year 
period. No attempt at tillage was made even though settlement of trench 
fills occurred and cracks developed between the fill and the undisturbed 
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Figure 3, Plot layout showing sprinkler setup and distribution and well, tensiometer, and porous 
cup locations 
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walls. Several plots had good stands of fescue, while others were com­
pletely covered with foxtail and other weeds such as lamb's quarter eind 
wild lettuce. However, the particular pattern of cover did not appear to 
he the result of the various treatments used. 
Irrigation equipment used throughout the research included a 
Wisconsin 4-cycle engine and impeller pump with operating pressures from 
20 to 45 lb/in when pumping at the required irrigation rates. An intake 
screen with l/8-inch openings was used at the lagoon to prevent large 
pieces of grass and other debris from entering the distribution system. 
The aluminum irrigation pipe consisted of a 3-inch main and 3-inch laterals 
in 20 and 30-ft, sections with quick couplers, A pressure gauge in the 
line about 20 ft, from the pump discharge was used to set line pressure. 
Maximum pressure loss to the furthest sprinkler was calculated to be 
2 Ib/in^, 
The sprinkler setup used the first season was abandoned. Instead., 
four Rain Bird 25 TNT part-circle sprinklers were located every 20 ft. on 
a single 60-ft. lateral on each plot. In Iowa the daytime winds usually 
are from a northerly or southerly direction. On days when the wind was 
more than about 5 mph, the lateral was placed on the windward side to allow 
the air movement to aid in spreading the effluent across the plot. The 
sprinklers had a radius of 36 ft. with np wind. They could be adjusted to 
as low as 20 ft. Adjustments were made at the beginning of each irri­
gation. Figure 3 shows a typical distribution pattern for the setup. On 
days with light winds, the lateral was located 10 ft. inside the plot and 
adjusted accordingly. About $0 percent of the applications were made from 
the south side, 35 percent from the north side, and I5 percent from an 
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inside location. Applications were made during the day to facilitate 
closer monitoring of tile drainage quality. 
Throughout the study the twelve plots were divided into four treat­
ments with three replicates each as shown in Figure k. Treatment 2 and 
<!• remained the same as the first season except that applications were 
reduced to two inches and scheduling was done by soil suction (tensio-
meters) rather than by gravimetric determinations. 
On Treatment 2,  750 mb (millibar) suction corresponded to about 90 
percent available moisture for this soil. For Treatment 4, 350 mb 
corresponded to about 100 percent for this soil type (40), 
The results of the first season raised several questions about appli­
cation of the effluent. Treatment 1 was irrigated with tapwater in 1969 
to determine nitrogen concentrations that would result in the tile drain­
age from application of water containing little or no nitrogen. Treatment 
3 was irrigated with tapwater to which about 3OO mg/l N from Golden Uran 
liquid nitrogen fertilizer was added to simulate the average level of 
nitrogen expected in the effluent. Golden Uran contains one-fourth of its 
nitrogen in ammonium, one-fourth in nitrate, and one-half in urea. This 
treatment was designed to help determine if the organic material in the 
effluent aided in denitrification. Treatments 1 and 3 were both irrigated 
with two inches when the 6-inch soil suction reached 750 mb. 
In 1970 Treatments 1 and 3 were again given effluent. Treatment 1 
received two inches/wk in three, 2/3-inch daily applications. Treatment 
3 received two inches every other week in three, 2/3-inch daily applica­
tions, The initial application was not begun on either treatment unless 
the 6-inch soil suction was greater than I50 mb. These treatments were 
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TREATMENT PLOT NO. 
12 
I I 
10 
8 
TREATMENT 
I 
PLOT NO. 
I 
Number Treatment 
1968-1 1.5 in. at 70^ A.M. 
1968-2 3.0 in. at 70fo A.W.J 
1968-3 1.5 in. at 95% A.M.J 
1968-4 3.0 in. at 95% A.M. 
1969-1 2.0 in. tapwater at 750 mb^ 
1969-2 2.0 in. at 750 mb° 
1969-3 2.0 in. tapwater t N at 750 mb 
1969-4 2.0 in. at 350 mb° 
1970-I 2.0 in. weekly in, 3» 2/3-in. daily applications 
1970-2 2.0 in. at 750 mb° 
I97O-3 2.0 in. bi-weekly, in 3» 2/3 in. daily applications 
1970-4 2.0 in. at 350 mb° 
Available moisture in soil at 6-in. deep, gravimetrically. 
^Millibars soil suction at 6-in. deep. 
Figure 4. Field layout showing treatments used to study treatment of 
anaerobic lagoon effluent by soil I968-I97O 
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designed to reduce the amount of tile drainage caused directly by irriga­
tion and to determine whether nitrogen removal could be increased by 
keeping a shallow surface layer of soil at or near saturation for a period 
of time longer than that caused by a single 2-inch application. 
Procedure 
Application of Lagoon Effluent, Tapwater, and Tapwater + N 
In central Iowa, the soil is normally frost free and unsaturated from 
early April to late November, In any given year, however, abnormal 
climatic conditions will determine what portion of this period is accep­
table for adding additional water to the soil and insuring that it will 
infiltrate. In 1969 applications began on April 24, while in 1970 equip­
ment problems delayed applications until May I9. Early and late in the 
season the soil suction could not be determined by the tensiometers, be­
cause they are subject to damage if frozen. As a result irrigations 
before May 1 and after October 1 were determined by judgement. Prom May 1 
to October 1 the tensiometers were read almost daily to determine irri­
gation scheduling and give indications of soil moisture status. Soil 
temperatures in plot 1 were measured periodically to depths up to 24 
inches with bi-metal strip type thermometers that had extended stems and 
dial gages. 
When either the tensiometers or time interval used indicated a treat­
ment was ready for an application, the laterals were moved to those plots, 
five catch cans were located on the middle plot as shown in Figure 3, and 
the pump was started. All sprinklers were then adjusted for prevailing 
wind conditions to give good distribution. For the lagoon effluent, the 
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pump applied liquid directly from the lagoon. The tapwater for irrigation 
flowed into a 4000 gal. reservoir and was then pumped to the plots by the 
séune pump. The reservoir compensated for the limitations of a 35 gpm 
supply and provided a mixing basin for addition of the liquid nitrogen 
when that treatment was used. liquid nitrogen was stored in a 200 gal. 
tank and dispensed into the reservoir through an adjustable orifice when­
ever tapwater + N was needed. 
The effective pumping rate was about 0.40 inch/hr. This meant that 
the pump ran for five hours to apply 2.0 inches. The pumping rate was 
40 gpm, which gave an efficiency of delivery to the plots of 75 percent. 
Losses were from side spray off the plots and evaporation. For the two 
treatments that received three 2/3-inch daily applications, the pump ran 
1 hour and 40 minutes for each application. The pump was shut off 
automatically by a time clock. Following each application, the amount of 
water in each catch can was measured and runoff, if any, was estimated. 
Water Quality Sampling and Measurement of Tile Drainage 
In 1969 the sampling of tile drainage caused by an irrigation was 
taken by a grab sample 6-12 hours following the beginning of an irrigation. 
At the same time the liquid caught on the plot surface in a plastic con­
tainer was sampled. The procedure was changed in 1970 to a weighted 
sample of tile drainage. At two hour intervals, for 10 hours on 2-inch 
applications and 8 hours on 2/3-inch applications, a sample of drainage 
was taken and the flow rate measured and recorded. At the end of the time 
period a composite sample was made from the five or six samples. Increased 
tile drainage caused by precipitation was sampled by grab samples as 
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necessary. 
Tile drainage was measured daily in I969. In 1970, when there was 
no event to change flow significantly, daily measurements were made; 
however, during most irrigations measurements were made about every two 
hours. Following precipitation, measurements were usually made more than 
once a day. Water from the porous cups and wells was sampled about once 
a month as time and help permitted. Twenty-four hours prior to sampling, 
a vacuum of about 26 inches of mercury was put on each cup with a por­
table electric vacuum pump. Samples were withdrawn from the cups and 
wells by extending a piece of plastic tubing to the bottom of the cup or 
well and aspirating the sample into a collection flask, A 250-ml sample 
was collected if that much water was available. The samples were then 
placed in plastic bottles. Between samples, the flask and tubing were 
rinsed with distilled water. 
Water Quality Analyses 
As soon as water samples were collected, they were transported to the 
laboratory located about one-half mile from the research field, lagoon 
effluent on the surface, tile drainage, and porous cup water were analyzed 
for COD, ammonia-N, nitrate + nitrite, Kjeldahl-N total-P, chloride, and 
pH. COD analyses were begun immediately. If the remaining analyses could 
not be performed the same day, three drops of chloroform were added to 
each 500 ml of sample. All samples were stored in a refrigerator until 
the analyses were completed. The water from the wells was analyzed for 
ammonia + nitrate + nitrite-N and chloride. Analytical procedures are 
given in Appendix A, 
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Soil Sampling and Analyses 
Soil samples were not taken prior to the initiation of the applica­
tions, Soil samples were taken in April in I969» 1970» and 1971 as soon 
as the frost had gone and before applications began. Three samples, each 
consisting of three 3/4-inch soil cores, were taken in each of the twelve 
plots at depths of 0-6, 6-12, and 12-24 inches. Samples were taken only 
from the undisturbed areas of the plots. 
The soil samples were placed in labeled plastic bags, air dried in 
the laboratory, and ground in a grinder. Portions were weighed for total-
N and carbon analysis, and another portion was oven dried to determine 
moisture content. Soil pH was also determined on each sample. Appendix 
A lists the analytical procedures used. 
Results and Discussion 
The Over-all System 
The soil in the plots continued to accept lagoon effluent as well or 
better than during the first season. The growth on the plots was cut 
twice each season, and equipment traffic on the plots was kept to a mini­
mum, Borders around each plot were kept mowed to make equipment movement 
and estimation of any runoff easier. There was usually some effluent 
movement on the plot surface during application because of distribution 
irregularities, but it did not normally move outside the plot boundaries. 
The lower intensity near the edges permitted the effluent to infiltrate. 
A complete list of estimated runoff from each treatment, ranging from 0.0-
0,4 inches, is included in Appendix B. Significant amounts of precipi­
tation that came shortly after application produced a much greater 
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estimated runoff than that caused by the application. This was antici­
pated, because increased runoff is associated with high antecedent soil 
moisture. With this type of a disposal system, therefore, increased run­
off could cause problems of chemical water pollution or, with row crops 
grown on the disposal area, increased erosion. 
Table 2 summarizes the number of applications and amounts of liquid 
applied throughout the three-year study; all 1968 values are recordedeelse-
where (29* 53)» Appendix B contains a complete listing of the dates and 
amounts of liquid received by each treatment in I969 and I97O, In I968 
the period of applications was 86 days, in I969, 199 days and in 1970, 
112 days. The normal season for applications on cover crops grown in 
central Iowa would be from mid-April to early November, although the 
season could be shortened about one month by an abnormally wet spring and 
by as much as two months by an abnormally wet fall. The 1970 season was 
shortened by equipment breakdown in the spring and by a wet fall. 
The tensiometers functioned well for scheduling applications when 
there was no danger of their freezing (early May to late September). All 
tensiometers had to be refilled about every two weeks, and those that 
showed breaks in the mercury column were refilled as necessary. A com­
plete list of tensiometer readings for I969 and 1970 is given in Appendix 
E. Table 3 summarizes the applications of 2 inches of lagoon effluent by 
the two soil suction criteria of 350 mb and 750 mb. 
Soil suctions in all treatments were relatively low throughout the 
season because of the excess water applied. Up to about 750 mb tensio­
meters worked quite well as indicators of soil suction. Above 750 mb the 
mercury column parted, and the vacuum was lost. When breakage occurred. 
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the tensiometers were refilled with water as soon as the soil was re-
wetted, Tensiometers should be used only where soil suctions are usually 
below 750 mb. 
Table 2, Summary of applications and amounts of liquid applied to study 
soil filtration treatment of anaerobic swine lagoon effluent 
1968-1970 
Number Treatment 
Number of Amount Runoff 
Applications in. in,^ 
9 13.9 2.5 
7 20.9 5.2 
10 15.2 4,2 
11 30.5 6,0 
12.5 
8 15.7 3.9 
11 24.9 5.9 
9 18.4 4.4 
24 48.1 11,1 
31.8 
13 28.3 4,1 
8 15.8 3.3 
7 14.9 4.1 
15 31.4 
29.3 
1968-1 
1968-2 
1968-3 
1968-4 
Prec, 
1969-1 
1969-2 
1969-3 
1969-4 
Prec. 
1970-1 
1970-2 
1970-3 
1970-4 
Prec. 
1.5 in. at 70^ A.M.: 
3.0 in. at W A.M.' 
1.5 in. at 3% A.M.! 
3.0 in. at 95^ A.M. 
2. 0 in. at 750 mb 
2. 0 in. at 750 mb* 
2. 0 in. at 750 mb' 
2. 0 in. at 350 mb' 
cd 
c 
ce 
c 
2.0 in. weekly in 3» 
2/3-in. daily applications 
2.0 in. at 750 mb° 
2.0 in. bi-weekly in 3* 
2/3 in. daily applications 
2.0 in. at 350 mb° 
Includes lagoon effluent and precipitation (See Appendix B for 
break down. 
Available moisture in soil at 6-in. depth, gravimetrically. 
^Millibars soil suction at 6-in. depth, 
^Tapwater after stored in reservoir and pumped to plots. 
®Tapwater + N (NH^N0_ + Urea) after storage in reservoir and pumping 
to plots. ^ 
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Table 3* Summary of applications of 2 inches of lagoon effluent by the 
two soil suction criteria of 350 and 750 mb at 6 inches soil 
depth 
1969 1970 
Min. Ave. Max, Min. Ave. Max. 
Irrigation season, days 199 112* 
350 mb soil suction (Treatment 4) 
No. of applications 24 15 
Days between applications 3 8,3 24 4 7.5 12 
750 mb soil suction (Treatment 2) 
No, of applications. 11 8 
Days between applications 7 18,1 25 8 14.0 30 
Season shortened about 30 days in spring because of pump breakdown; 
September and early October were abnormally wet, which allowed no appli­
cations. 
Table 4 lists the minimum, average, and maximum soil suctions 
measured during 1970 in the four different treatments. As points of 
reference, 350 mb is considered field capacity and 750 mb is 90 percent of 
field capacity for this soil. Table 1 in Appendix E shows the moisture 
content at various soil suctions for Webster clay loam soil (40). These 
data are believed to be applicable to the soil in the field plots. The 
considerable fluctuations in soil suction at 6 inches are attributed to 
the dynamics of the soil-plant environment on the surface; these fluctua­
tions were of lesser magnitude at 12 inches and even further reduced at 24 
inches. The 12 and 24-inch soil suctions also reflected differences in 
the scheduling criteria. The soil suctions at 24 inches further indicate 
that at that depth the soil moisture averaged only about 2 percent by 
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volume below saturation throughout the two seasons. However, unsaturated 
flow for this heavy soil is quite slow at the low gradients established 
in the plots. 
Table 4. Minimum, average, amd maximum soil suctions in Clarion-Webster 
soil receiving 2 inches of anaerobic lagoon effluent with 
different scheduling criteria for applications in 1970 
Scheduling Criteria 
750 mb 350 mb Weekly in Bi-weekly in 
Soil Depth, in. at 6 in. at 6 in. 3 applic. 3 applic. 
6 a. 
Min. -04 -04 -10 -04 
Ave. 192 133 86 182 
Max. 750 750 690 750 
12 
Min. —04 —18 -22 -20 
Ave. 139 60 45 97 
Max. 750 360 488 750 
24 
Min. -38 -38 -46 -50 
Ave. 29 17 12 15 
Max. 750 214 72 51 
^All soil suctions in mb (millibars). Note: 1 bar = O.987 
atm = 75 cm Hg. 
Soil temperatures measured in plot 1 during I969 and 1970 are shown 
in Figure 5. Temperatures were not measured where no extra water was 
applied. Those measured appear to be what would be expected for normal 
field soil. Appendix C contains the data plotted in Figure 5. 
One major problem in the plots was that the backfills in the tile 
trenches settled, and, between applications, cracks developed between the 
trench walls and the fill material. This allowed short-circuiting of any 
effluent or precipitation that moved over these cracks. Similar cracks 
also developed outside the plots, indicating that the cracks were not 
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caused by the lagoon effluent. No major tillage was done after the tile 
drains were installed. 
Water flow to the tile drains appeared to be by three different 
regimes as shown in Figure 6, Regime 1 resulted when water flowed on the 
surface to the tile trench and then rapidly percolated or short-circuited 
directly to the tile drains. This type of flow almost always occurred 
during a 2-inch application and during precipitation that was long or 
intense enough to cause runoff from the plots. Figure 7 shows a typical 
tile drainage hydrograph and resulting quality of the tile drainage during 
and following a 2-inch application on Treatment 2. Flow by regime 1 
resulted in the drastic change in quantity and quality from about two 
hours until about 10 hours after the application had begun. During this 
8-hour period the total tile drainage was about 20 percent of the volume 
of liquid applied. The volume of flow was small and of very poor quality. 
Precipitation-caused runoff that moved through regime 1 was lower in total 
nitrogen and chloride than drainage through regime 2. 
Flow through regime 2 was more the typical flow visualized for tile 
drainage systems. The water infiltrated, moved slowly downward by per­
colation, and then flowed laterally to tile drains. The length of time re­
quired for a molecule of water to move from the surface to the tile drain 
probably would be measured in months due to only intermittent saturated 
flow. Flow through the upper 2 ft, of this regime was sampled by the por­
ous cups. 
Flow through regime 3 was caused by water moving during and following 
periods of significant precipitation from the buffer areas and on top of 
the dense subsoil of the undrained field east of the plots. The tile 
drains in plots 1-6 intercepted most of the drainage from the east field. 
FILLED 
TILE 
TRENCH 
•—(D 
_i/ 
NOT TO SCALE TO WATERCOURSE 
RELATIVELY IMPERVIOUS SUBSOIL 
Figure 6. Visualization of three flow regimes for liquid into tile drains under field plots used to 
study treatment of anaerobic lagoon effluent by soil 
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APPLICATION RATE 0.40 IPH 
COD, 725 MG/L 
AMMONiA-N.225 MQ/L 
TOTAL-P, 41 MG/L 
DRAINAGE 
O 200 
0 12 24 36 
TIME AFTER BEGINNING APPLICATION, HR 
Figure ?• Typical tile drainage hydrograph and drainage quality graph 
during and following a 2-inch application of anaerobic lagoon 
effluent on Treatment 2 
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Drainage by regime 3 would be beneficial for an operating system, because 
it would help dilute the drainage from a disposal area; however, it only 
served to complicate this research. 
In a system intended to apply lagoon effluent, an effort should be 
made to minimize flow through regime 1. The layout shown in Figure 8 
would be ideal. The amount of liquid applied on or near the tile drains 
would be less than that applied between them; also, the application rate 
and amounts applied daily would be reduced to insure that all the 
effluent infiltrated. Nearly all the flow of applied lagoon liquid 
through the soil would be by regime 2. 
The research field for this project could have been organized for 
regime 2 flow exclusively if only three distinct areas were used. In 
late October 1970 such a setup was tried on the plots draining into the 
north sump (l, 2, 11, and 12). Lagoon effluent was applied for 6 hours 
each day for three consecutive days. The resulting tile drainage quantity 
and quality is shown in Figure 9. This setup loaded all the effective 
drainage area of the four tile lines, and thus produced a much different 
hydrograph and a higher quality drainage than applications on the plots. 
The volume of tile drainage from each plot was almost always more 
than predicted if an estimated hydrologie balance only considered the 
water received on a 40 ft. by 60 ft. plot area. Such a balance was compli­
cated for the following reasons: the tile drains also drained the buffer 
areas, water flowed underground from upslope to the drains, and deep 
percolation losses and the amount of water exchange between the plots ajid 
buffer areas during dry periods were not known. All tile flow measurements 
taken in 1969 and 1970 axe listed in Appendix D, Appendix F lists the 
13/64-INCH FULL-CIRCLE SPRINKLERS PERMANENT PIPE 
TILE DRAIN 4 FT DEEP 
AVERAGE EFFECTIVE APPLICATION RATE 
FROM 0.08-0.12 IPH 
0 20 40 60 80 
SCALE IN FEET 
Figure 8, Ideal sprinkler irrigation layout for application of anaerobic swine lagoon effluent to 
soil 
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APPLICATION RATE 0.12 IPH 
COD, 775 MG/L 
AMMONIA-N, 180 MG/L 
TOTAL-P, 47 MG/L 
DRAINAGE 
0 2 4 
TIME AFTER BEGINNING APPLICATION,DAYS 
Figure 9, Tile drainage hydrograph and drainage quality graph during and 
following application of 2 inches of lagoon effluent in 3» 2/3-
inch daily applications on an ideal setup 
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calculated monthly tile flow from each plot during the 1969 and 1970 
seasons. 
Table 5 and 6 are estimates of the amount of excess drainage from 
each plot for I969 and 1970 seasons. The évapotranspiration values were 
assumed to be about 30 percent higher than the average of weighed lysi-
meter data at Coshocton, Ohio (57)* The greater évapotranspiration 
estimate considered that the average temperature was slightly higher 
at Ames, Iowa, and that the plots received more water than unirrigated 
lysimeters at Coshocton. 
2 
Each tile line was credited with draining a plot area of 2400 ft , 
2 While the total effective drainage area was at least 9000 ft. for the 
plots on the west (7-12), the effective area on the east side was even 
greater because of the underground drainage from upslope to those drains 
(1-6). 
Water Quality 
The lagoon used for the effluent supply functioned as expected for an 
anaerobic lagoon in central Iowa. It served only as a collection and 
storage basin from December until ice breakup in late March, It then 
underwent about one month of meager activity, followed by about six weeks 
of rapid degradation. During late April and May the pH dropped slightly, 
and odors were apparent. Solids were stirred up and eventually floated 
to the surface by the boiling action of gases released from the bottom 
solids. Minor problems accompanied pumping until about mid-June both 
years, because the intake screen would plug with pieces of undigested com 
hulls. By late June the lagoon had. recovered from the winter inactivity; 
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solids no longer caused problems, and little or no detectable odor was 
present throughout the remainder of the season. 
Table 5» Estimates of excess drainage from each plot receiving liquid 
to study renovation of anaerobic lagoon effluent April-October 
1969 
IN OUT EXCESS 
Treatment 
Precip, 
in. 
liquid 
in. 
Tile 
drainage 
in.^ 
Evapo­
transpiration 
Runoff 
in. in.^ 
196g-l 
3 
5 
31.8 
31.8 
31.8 
15.7 
15.7 
15.7 
54.7 
76.4 
216.8 
27.6 
27.6 
27.6 
3.9 
3.9 
3.9 
38.7 
60.4 
200.8 
1969-2 
2 
4 
6 
31.8 
31.8 
31.8 
24.9 
24.9 
24.9 
44.3 
106.3 
59.4 
27.6 
27.6 
27.6 
5.9 
5.9 
5.9 
21.1 
83.1 
36.2 
1969-3 
7 
9 
11 
31.8 
31.8 
31.8 
18.4 
18.4 
18.4 
12.2 
15.8 
39.1 
27.6 
27.6 
27.6 
4.4 
4.4 
4.4 
—6.0 
-2.4 
20.9 
1969-4 
8 
10 
12 
31.8 
31.8 
31.8 
48.1 
48.1 
48.1 
44.1 
49.5 
77.6 
27.6 
27.6 
27.6 
11.1 
11.1 
11.1 
2.9 
8.3 
36.4 
^Assumes tile drain in each plot effectively drained only the 40 ft. 
by 60 ft, plot. 
^Estimated évapotranspiration inch/day April, 0.1; May-Aug., 0.15; 
Sept., Oct., 0.10. 
°Plot Number. 
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Table 6, Estimates of excess drainage from each plot receiving anaerobic 
lagoon effluent April-September 1970 
IN OUT EXCESS 
Treatment 
Precip. 
in. 
Effluent 
in. 
Tile 
drainage 
in. 
Evapo­
transpiration 
Runoff 
in. in. 
1970-1 
1-
3 
5 
29.3 
29.3 
29.3 
28.3 
28.3 
28.3 
40.1 
70.5 
97.6 
24.5 
24.5 
24.5 
4.1 
4.1 
4.1 
11.1 
41.5 
68.6 
1970-2 
2 
4 
6 
29.3 
29.3 
29.3 
15.8 
15.8 
15.8 
37.2 
61.0 
47.8 
24.5 
24.5 
24.5 
3.3 
3.3 
3.3 
19.9 
43.7 
30.5 
1970-3 
7 
9 
11 
29.3 
29.3 
29.3 
14.9 
14.9 
14.9 
21.2 
21.6 
38.4 
24.5 
24.5 
24.5 
4.1 
4.1 
4.1 
7.6 
8.0 
24.8 
1970-4 
8 
10 
12 
29.3 
29.3 
29.3 
29.3 
29.3 
29.3 
41.4 
46.8 
47.5 
24.5 
24.5 
24.5 
9.7 
9.7 
9.7 
17.0 
22.4 
23.1 
^Assumes tile drain in each plot effectively drained only the 40 ft. 
by 60 ft. plot. 
^Estimated évapotranspiration inch/day April, 0.10; May-Aug., 0.15; 
Sept., 0.10. 
*^Plot number. 
A complete list of the COD, ammonia-N, total-N, chloride ion, total-P, 
and pH for the lagoon during I969 and 1970 is given in Appendix G. The 
same measurements of quality of the tapwater and tapwater + N used in I969 
are given also in Appendix G. Table 7 provides the averages of measured 
qualities in the lagoon effluent collected at the plot surface in a 
plastic container. The tapwater originally contained neither nitrogen or 
phosphorus; however, the reservoir used could not be completely cleaned 
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between applications of tapwater and tapwater + N. The supplier of 
liquid nitrogen added a small amount of phosphate to reduce the corrosive-
ness of the solution, which accounts for the total-P reported in the 
tapwater. 
Table ?. Average measured qualities of lagoon effluent, tapwater, and 
tapwater + N collected at the plot surface I968-I97O 
Source of Supply 
Lagoon Lagoon Tapwater Tapwater + N Lagoon 
effluent effluent effluent 
Constituent 1968 1969 1969 1969 1970 
COD, mg/l 513 939 22 43 1334 
NH -N, mg/l 284 72 382 
NO:^-N, mg/l 76 0 
Tot-N, mg/l 335 306 9 296 408 
Cl", mg/l 110 127 21 21 170 
Tot-P, mg/l 72 73 0.03 1.4 69 
PH 7.8 7.7 8.3 7.5 7.6 
Measures of ammonia-N and chloride are indicative of changes in the 
quality of the lagoon effluent between the pump intake and the plot sur­
face, The most obvious change was a 10 to 25 percent reduction in total-N 
concentration (56). The COD concentration did not change even though some 
of the water evaporated. The chloride ion concentration was always higher 
in the surface catch than in the lagoon. 
The range in qualities of tile drainage sampled from I968-I97O for 
each treatment are given in Table 8 as minimum, maximum, and weighed 
average. The wide range in concentration of each constituent reflects flow 
through the three different regimes as shown in Figure 6, Maximum values 
of GOD, total-P, chloride, and ammonia-N occurred during applications when 
much of the flow was through regime 1, The quantity of flow through this 
Table 8. Minimum, average, and maximum concentration of various constituents in tile drainage from 
plots receiving liquid to study renovation of anaerobic lagoon effluent I968-I97O 
Concentration in mg/l 
COD Tot-P 01- NH^-N NOy-N Tot-N 
Treat. Min. Ave. Max. Min. Ave, Max, Min. Ave. Max. Min. Ave. Max. Min. Ave. Max, Min, Ave, Max, 
1968-1 3 17 35 0.1 0.2 2.3 27 75 93 0 0 1 42 65 104 42 65 104 
1968-2 6 30 61 0.3 0.7 4.3 52 80 103 0 0 3 21 52 81 21 52 81 
1968-3 4 20 139 0.8 0.8 1.4 45 76 98 0 1 3 27 54 83 30 55 83 
1968-4 1 32 116 0.3 0.7 3.5 64 79 94 0 0 2 21 72 90 21 72 90 
1969-1 18 0.0 0.2 0.3 44 75 112 0 0 1 32 60 108 32 60 108 
1969-2 27 145 252 0.1 2.1 12.2 58 95 131 0 1 11 28 75 122 28 76 122 
1969-3 10 22 78 0.1 0.2 0.9 34 75 132 0 0 1 8 58 122 8 58 122 
1969-4 4 120 460 0.1 2.8 14.3 62 91 130 0 5 48 42 93 165 42 98 166 
1970-1 8 106 820 0.1 3.5 27.2 41 86 206 0 5 51 12 77 199 12 82 204 
1970-2 24 147 618 0.2 3.4 19.3 33 109 147 0 3 24 18 107 203 18 110 204 
1970-3 16 93 858 0.1 1.0 30,1 26 96 169 0 3 55 32 107 217 32 110 217 
1970-4 18 280 1020 0.1 7.0 67.0 47 104 208 0 15 122 41 114 228 41 129 253 
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regime was lower from the three, 2/3-inch daily applications than for a 
single 2-inch application. The amount of flow from a 2-inch application 
averaged about 0,1 inch on Treatment 1970-3» 0.2 inch on 1970-1, 0.4 inch 
on I97O-2, and 0.6 inch on 1970-4. The effects of these relatively small 
quantities of wastewater, which were essentially about half the COD 
concentration of lagoon effluent, probably made this portion of the tile 
drainage unfit for discharge. Also, the tile drainage was nearly as 
highly colored with the reddish-purple sulfur bacteria as the liquid in 
the lagoon. 
The reddish-purple color was characteristic of this anaerobic lagoon. 
Investigations demonstrated that the various genera of photosynthetic 
sulfur bacteria of the family Thiorhodaceae are usually responsible for 
red pigmentation in anaerobic waste stabilization lagoons (59)» Flow 
through regime 1 must be greatly reduced if the GOD, ammonia-H, total-P, 
and color are to be effectively removed. 
The weighted average concentrations include all the tile drainage from 
each treatment, including the excess from outside the plot boundaries. 
This explains why the average is usually closer to the minimum concentra­
tion than to the maximum. 
The concentration of constituents in the excess tile drainage water 
could not be determined directly. Estimates could be made, however, from 
the 6- and 8-ft. wells in the areas where no effluent was applied and from 
the earlier I968 measurements gathered before any effluent could have 
percolated to the tile drains. The following estimates were thus made; 
COD, 4 mg/l; total-P, 0,1 mg/l; chloride, 5^ mg/l; ammonia-N, 0.1 mg/l; 
and nitrate-N, 46 mg/l. Prom these data, the average concentrations 
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presented in Table 8, the measured tile drainage volumes, and the estima­
ted excess tile drainage from each plot, new weighted averages for each 
constituent could be calculated. These new weighed averages would be con­
siderably higher than those listed in Table 8, and the COD, total-P, and 
ammonia-N concentrations would not be typical for a properly functioning 
soil treatment system with little flow through regime 1. The excess flow 
tended to reduce the effects of flow through regime 1 for these three 
constituents. Chloride and nitrate-N concentrations to be later consid­
ered more, were reduced by dilution. 
The COD concentration was used as a measure of the organic strength, 
or oxygen demanding material of the lagoon effluent and tile drainage. 
As shown in Table 7, the average COD of the anaerobic lagoon increased 
about 400 mg/l each year. The COD in the tile drainage also increased, 
which was partly caused probably by the increased strength of the lagoon 
effluent. 
In 1969 the two treatments receiving lagoon effluent removed about 
equal amounts of COD; however. Treatment 2 reduced the peaJc concentrations 
of COD during applications. The GOD reduction on a weight basis averaged 
85 and 83 percent for Treatment I969-2 and 1969-4, respectively. 
In 1970 better removal of COD was obtained with three consecutive 
daily applications of 2/3-inch than with a single 2-inch application. 
With the three daily applications, no tile drainage resulted until the 
third day. The average COD reductions for I97O were 92, 89, 93» and 79 
percent for Treatments 1-4, respectively. 
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The amount of total-P removed by the soil appeared to be a function 
of the application rate and the length of time the effluent was in the 
soil. When the effluent flowed through cracks, total-P removal was low, 
and maximum concentrations in the tile drainage resulted. The flow 
through regime 1 appeared to be entirely responsible for the lesser 
reduction of total-P during I969 and 1970. Some slow increase in the 
total-P in the tile drainage should be expected even for a properly func­
tioning system, however, because flow through regime 1 probably can not 
be completely eliminated. Greater volumes of liquid percolation over the 
tile drains should eventually result in saturation of the soil in that 
area, even though the bulk of the field would be well below saturation. 
In a study in Pennsylvania with sewage effluent disposal, phosphorus 
adsorption isotherms to soil depths of 5 ft. indicated maximum adsorption 
capacities of 20,000 lb/acre (58). Certainly, soil has a great capacity 
to adsorb phosphorus if the phosphorus-bearing solutions are in contact 
with the soil long enough to allow adsorption. 
The chloride ion is held weakly, if at all, by soil particles and 
moves freely with the water in soil. The concentration of chloride in 
the lagoon effluent was higher than in the soil water when the project 
begaji. As a result, the first season showed about a 30 percent reduction 
in chloride. The higher concentration solution had to displace the water 
already in the soil. Reduction of the chloride concentration continued 
during the second and third years; however, excess tile drainage and 
dilution by precipitation were sufficient to cause the reduction, and no 
chemical or biological process was involved. Table 9 shows estimates of 
total nitrogen and chloride reduction for Treatment 4 when the dilution 
51 
Table 9» Estimates of nitrogen and chloride reduction by soil filtration 
considering effects of excess tile drainage into Treatment 4 
1968-70 
Water, nitrogen, and chloride quantities I968 I969 1970 
lagoon liquid, inches 30.5 48.1 29.3 
Precipitation, inches 12.5 31.8 29.3 
Total Runoff, inches 5.0 11.1 9.7 
Total water into plots, inches 38,0 68.8 49.9 
Estimated évapotranspiration, inches 18,5 27.6 24.5 
Expected drainage, inches 19.5 41.2 24.4 
Measured drainage, inches 17.5 57.1 45.2 
Excess drainage, inches -2.0 15.9 20.8 
Nitrogen in total drainage, lb/acre 
Chloride in total drainage, lb/acre 
285 
310 
60 
70 
1315 
1060 
Nitrogen in excess drainage, lb/acre^ 
Chloride in excess drainage, lb/acre^ 
165 
195 
215 
255 
Nitrogen in expected drainage, lb/acre 
Chloride in expected drainage, lb/acre 
285 
310 
995 
975 
1100 
8O5 
Nitrogen into plots, lb/acre 
Chloride into plots, lb/acre 
2070 
680 
2935 
1220 
2250 
935 
Nitrogen concentration in expected drainage. 
Chloride concentration in expected drainage. 
mg/l 
mg/l 
79 
72 
107 
105 
200 
146 
Nitrogen reduction, % 
Chloride reduction, % 
86 
54 
66 
20 
51 
14 
Concentrations in excess drainage assumed to be the same as in 6-
and 8-ft, wells in areas where no liquid was applied, 46 mg/l nitrogen and 
54 mg/l chloride. 
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effect of the excess tile drainage is removed. In I969 and 1970 the 
chloride reduction was 20 ajid 14 percent respectively. Drainage from the 
plots during Novemher-March, when no sampling was done, may have been 
sufficient to account for the remainder of the chloride lost from the 
treatment. 
The complexity of any soil and drainage system in the field makes it 
difficult to understand exactly how the system functions. This is one of 
the major areas of concern when choosing a site to study nutrient move­
ment or, in this case, wastewater renovation. The uncontrollable vari­
ables may be more important than those chosen to be controlled. Even 
after such a system has been studied and defined, application to other 
sites may be limited. 
Tile drainage throughout this research showed that the soil system 
continued to substantially reduce nitrogen concentrations of applied 
lagoon effluent. Almost all the nitrogen that reached the tile drains, 
with the exception of regime 1 flow, was in the nitrate form. 
The average nitrogen concentrations listed in Table 8 are lower than 
would be expected from the plots because of the dilution effects of excess 
tile drainage. Table 9 shows that the average concentration of nitrogen 
with no dilution would have been IO7 and 200 mg/l in I969 and 1970, 
respectively, for Treatment 4, Similar concentrations could be calculated 
for the other three treatments; however, they would only further verify 
that the residual total-N from all these treatments made the tile drainage 
unfit for direct discharge. 
In 1969 Treatment 1 contained almost no nitrogen (9 mg/l) or chloride 
(21 mg/l) in the tapwater that was applied. The net effect of the tapwater 
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plus precipitation was to leach the nitrogen and chloride applied the pre­
vious year from the plots. Mineralization of the organic matter in the 
soil probably continued during the entire season, sind some nitrogen was 
released. Appendix H lists all the concentrations of nitrogen and chloride 
in the tile drainage from these plots. The excess drainage from each plot 
was greater than expected. The lowest concentration of nitrate-N measured 
was 18 mg/l, still well above the drinking water standard of 10 mg/l of 
nitrate-N. Low concentrations were not reached until about six months 
after the tapwater applications began, which helps explain why the 3-month 
period of applications in I968 had little effect on the nitrogen concen­
tration in the tile drainage. 
The effects of the tapwater on Treatment 1 were apparent in 1970 
until early July, even though 14 inches of lagoon effluent plus 5 inches 
of precipitation had been received by the plot since effluent application 
began. The chloride ion and total-N concentrations in the tile drainage 
increased rapidly at about the same time, indicating that nitrification 
must have started almost immediately upon the first applied effluent, and 
both nitrate-N and chloride moved at the same rate through the soil. 
If the average évapotranspiration rates during April, May, and June 
were 0.10, O.I5, and O.I5 inch/day, respectively, then a net percolation 
of 7 inches of water moved through the soil system before the increased 
nitrate-N and chloride concentrations were measured in the tile drainage. 
Only that part of the profile directly over the tile lines would allow 
such a small volume of water to percolate 4 ft. Data presented later from 
the porous cups indicated much slower movement through a profile 10 ft. 
perpendicular to the tile lines. Thus, the area directly over the tile 
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lines must have drained rapidly and remained well aerated nearly all the 
time, promoting rapid nitrification and percolation. Loss of nitrogen by 
denitrification in this area of the plots was unlikely. 
Treatment I969-3 received tapwater + N to determine if the organic 
matter in the lagoon liquid helped to reduce the nitrogen concentration in 
the tile drainage. The amount of total-N draining from Treatment 3 was 
14 percent of that applied. Treatment 2, which received nitrogen in 
lagoon effluent at the same rate as Treatment 3» lost 33 percent of the 
total-N applied. This indicated that the organic material in the lagoon 
effluent had no effect on the loss of nitrogen. 
Under the research field the subsoil was very dense except for 
occasional sand lenses. The piezometric type wells were originally to 
have been 6 and 10 ft. deep; however, the hardness of the soil encountered 
at about 8 ft. precluded going deeper. Well tips 5 (8 ft,), 8 (8 ft.), 
10 (6 ft,), and I5 (8 ft,) were known to be located in sand lenses. The 
downward water movement is thought to be very slow through the heavy 
subsoil under Clarion-Webster type soils. These wells gave no indication 
of amount of water movement; their primary function was for monitoring the 
change, if any, in total-N and chloride concentrations with time and 
depth. 
The wells were sampled as time and labor permitted during the I969 
and 1970 season, A sample of at least 100 ml was required for analysis of 
both constituents. Results of the analyses are listed in Appendix J, 
Blanks in the data indicate insufficient volume for sampling. Water 
usually did not stand over 6 inches deep in the wells; however, during a 
wet period in I969 following precipitation, water in 5 (8 ft,) reached as 
55 
high as 3 inches above the soil surface. At the same time water in 5 
(6 ft.) well was more than 4 ft. below the soil surface. This upward 
hydraulic pressure helps explain why plot 5 had so much excess drainage. 
The wells were not intended to measure water movement under the 
plots. The only wells that showed direct effects of the treatment being 
applied at the surface were the 6 ft. wells in plots 5» 8» 10, ajid 12. 
In these wells both total-N and chloride increased. The maximum total-N 
concentration found was 155 mg/l in 12 (6 ft.). In all the other wells 
no trends were noted. No total-N concentrations greater than 95 mg/l 
were found in the other wells. The chloride concentration followed much 
the same pattern as total-N. 
For this drainage system, concentrations of total-N and chloride at 
6 and 8 ft. would not be expected to be greater than that in the tile 
drainage. Before water would reach these depths dilution with excess 
drainage would be expected except during extended dry periods. Treatment 
4 (plots 8, 10, and 12) probably received enough lagoon effluent to affect 
the concentrations of total-N and chloride at the 6 ft. depth more than 
in the other treatments. 
In 1969 the three sets of wells outside the plots had total-N 
concentrations similar to those under plots. The chloride concentrations 
in sets 14 and I5 were also similar; however, I3 had chloride concentra­
tions about twice that of other wells in the field. In 1970 the total-N 
concentration in sets 14 and I5 dropped to less than half the I969 values, 
while the chloride ion concentration changed very little. Set I3 changed 
little in concentration of either constituent during 1970. If indeed 
water movement was downslope, exactly the opposite pattern would be 
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expected. 
For a properly functioning wastewater renovation system a primary 
criterion is to insure complete infiltration of the wastewater in the area 
intended. For a tile drained field, all of the wastewater should be 
applied so as to percolate between the tiles. To monitor this regime on 
the field plots, porous cups were used in 1970. These cups by design 
permit only soluble material to pass through the ceramic material. 
Limited labor allowed only five samplings of the soil solution during the 
irrigation season. Appendix K contains the results of the various quality 
analyses on the soil solution samples. 
The rate of water movement and the exact moisture content of the soil 
near the cups when soil solution samples were collected were not known. 
The net downward velocity of water movement was considerably slower than 
directly over the tile trenches. At the time the nitrate-N and chloride 
increases were measured in the tile drains for Treatment 1 in 1970, 
similar concentrations, as sampled by the porous cups, were only about 12 
inches deep in the soil. An adequate sample could be collected when the 
soil suction was less than about 500 mb, or, for this soil, when the 
moisture content by volume was greater than 33 percent (4.0 inches of 
water per foot of soil). This meant that the concentrations reported in 
mg/l were approximately equal to the lb/acre of the measured constituents 
in 1 ft. of soil (l million pounds of water = 4,43 acre-inches of water). 
The soluble COD in the soil solution was rapidly reduced by soil filtra­
tion. The highest concentrations of COD were measured in late July 
following a period of frequent applications, ™he 6 inch deep sample con­
centrations were nearly the same for all treatments (96-I8O mg/l COD). 
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This represented a reduction of 86-93 percent of the GOD applied. Reduc­
tion at 12 and 24 inches deep averaged 94 and 97 percent, respectively. 
Total-P was removed quite satisfactorily by the time the soil 
solution reached 24 inches deep in the soil. Average concentrations at 
that depth for Treatments 1-4 were 0.9, 1.5» 1*7, and 3.4 mg/l, respec­
tively. Figure 10 shows the effect of rate of application of total-P on 
the average concentration of total-P in the soil solution at various depths 
in 1970» Phosphorus removal appears to be no problem once the lagoon 
effluent has infiltrated into the soil at least 24 inches. 
Ammonia-N was rapidly removed from the applied effluent. Ammonia-N 
greater than 1 mg/l was detected in only two samples from 24 inches deep 
in the soil during 1970« At 6 inches deep the maximum concentration 
measured was 20 mg/l of ammonia-N, while the average concentration applied 
in the effluent was 382 mg/l. Rapid removal of ammonia-N made nitri­
fication necessary before the nitrogen moved very far into the soil. 
The nitrate-N and chloride in the soil solution sampled by the 
porous cups gave results difficult to explain. The average concentration 
of both constituents was lower in concentration at 12 and 24 inches deep 
than at 6 inches in Treatments 2 and 4. To evaluate the decrease in con­
centrations the average concentration of nitrate-N and chloride at each 
sample depth for each treatment was divided by the average concentration 
of total-N and chloride in the applied effluent. The percentage obtained 
for each constituent at each depth and treatment axe plotted in Figure 11. 
The reduction in concentration of nitrate-N could have been explained by 
denitrification except that the relative chloride ion concentration 
followed nearly the same pattern. The relative concentration of nitrate-N 
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TOTAL-P APPLIED IN 3 SEASONS, LB/AC 
Figure 10. Effect of the amount of total-P applied in anaerobic lagoon 
effluent on the average concentration of total-P in the soil 
solution at 6, 12, and 24 inches deep in 1970 
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in the soil solution was always lower than for chloride. These results 
do not prove a loss of nitrogen from the soil by denitrification. They 
do, however, indicate that relative nitrogen concentrations in the soil 
solution were reduced more than the relative chloride concentrations 
during the third season of applications. Nitrogen concentrations could 
have been reduced by plant uptake, soil buildup of other forms of nitrogen, 
limiting nitrification rates, and ammonia desorption, as well as deni­
trification. Prom the shape of the curves in Figure 11, it appears that 
little, if any, nitrate-N loss below 12 inches deep in the soil would be 
expected. Below 12 inches the organic matter content of soil and the 
concentration of organic matter in solution that would be available as an 
energy source for denitrification appear to be limited if large concen­
trations of nitrate-N are contained in the percolating water. The other 
physical conditions necessary for denitrification, especially restricted 
oxygen content, could be maintained for longer periods below 12 inches, 
but if an energy source is not available, denitrification will be very 
slow. 
Soil Changes Noted in the Field Plots 
Experience with sampling and analyzing field soil shows that the 
greater error usually results from sampling. For this reason three samples 
were taJcen from each depth interval, and each sample consisted of three 
cores randomly chosen from the plot. Preliminary work in the laboratory 
indicated that the standard error for the analytical procedures used for 
soil carbon and total-N were 5»^» and 4,9 percent, respectively, of the 
measured amount in each sample. One determination of pH was also done on 
each sample. The procedures used are listed in Appendix A. 
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Figure 11, Relative concentrations of total-N and chloride in the soil 
solution as a percent of the applied concentration in 
anaerobic lagoon effluent during 1970 
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Soil samples were not taken from the plots before effluent appli­
cations begaji in 1968 because of the initial limited scope of the project. 
The samples taken in the spring 1969, 1970, and 1971 were used to estimate 
changes in the soil that occurred as results of the I969 and 1970 treat­
ments. No samples were taken outside the plots. The results of all 
analyses are listed in Appendix L. Table 10 provides a summary of the 
change in each measured soil constituent for the I969 and 1970 seasons. 
The values reported are the mean differences determined for each treat­
ment by comparison of the means before and after the various treatments 
had been applied. 
Table 10. Mean change in the amount of total-N, carbon, and pH for 
treatments used to study renovation of anaerobic swine lagoon 
effluent by soil 1969 and 1970 
Constituent 1969 Treatment No « 1970 Treatment No . 
Total-N 1 2 3 4 1 2 3 4 
0-6®-
6-12 
12-24 
0.000^ 0.012 
0.004 0.034 
-0.007 0.003 
-0.017 
-0.019 
-0.022 
-0.008 
0.018 
0.000 
0.021 
-0.004 
-0.003 
0.035 
0.019 
0.012 
0.040 
0.038 
0.028 
0.027 
0.045 
0.028 
Carbon 
0-6 
6-12 
12-24 
0.073^ 0.103 
-0.143 0.479 
-0.132 O.3I8 
0.204 
0.403 
-0.302 
0.633 
0.136 
-0.373 
0.381 
0.084 
0,135 
0.415 
0,250 
0.088 
0.621 
0.417 
0.507 
0.154 
0.222 
0.391 
0-6 
6-12 
12-24 
0.1 -0.2 
0.1 -0.4 
0.3 -0.1 
-0.2 
-O.3 
0.0 
-0.1 
0.0 
-0.1 
—0,6 
—0.8 
-0.9 
-0.9 
-0.8 
—0.6 
-0.7 
-0.9 
-0.9 
-0,8 
-0.8 
-1.0 
^Soil depth interval in inches, 
^All changes in percent by weight. 
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Since no check treatment was included in the field experiment, the 
results could not be compared with a base. However, comparisons with some 
meaning could be made between the treatments, because in I969 Treatment 1 
received only tapwater while two of the other three treatments received 
lagoon effluent and the third received tapwater + N. To determine if 
there were any differences between treatments, analyses of variance were 
done on carbon, total-N, and pH for each of the three layers of soil. 
Even though sub-samples were taken from each plot, they were taken randomly 
and could not be paired. Therefore, the data that were applicable for 
comparison were the measured changes of each constituent as determined by 
the difference in the means before and after the treatments were applied, 
A completely randomized block design was used. Each of the three blocks 
used included the four plots that drained to each sump. The analyses of 
variance for 19 69 are given in Appendix Q. 
No significant differences in the change in total-N content for the 
four treatments were found for any of the three soil layers in 1969. 
Blocking decreased the error only slightly. 
All three depth intervals showed significant differences at the 80 
percent level for carbon content change. As with total-N, blocking 
affected error reduction very little. Table 11 contains the least signif­
icant differences (LSD)'for all constituents and soil depth intervals 
for 1969 and 1970, Both treatments that received anaerobic lagoon effluent 
gained significantly in carbon content. Treatment 4 increased in the top 
6 inches while Treatment 2 increased from 6-24 inches. These results 
were contrary to what was expected. Also, the organic matter content of 
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the lagoon effluent was not great enough to cause such large increases. 
Table 11. Ordered arrays of treatment means for those measured soil 
constituents found to be statistically different at the 80 or 
90 percent levels of confidence 
Constituent Treatment No, 
1969-carbon^ 4 3 2 1 
0-6^ 0.633* 0.204 0.103 0.073 
1969-carbon^ 2 1 4 3 
6-12 0.479 0.403 0.136 -0.143 
1969-carbon^ 2 1 3 4 
12-24 0.318 -0.132 -0,302 -0,373 
1969-pH* 4 3 2 
6-12 0,1^ 0.0 -0.3 -0.4 
1970-total-N® 
^ b 3 2 1 6-12 0.045 0.038 0.019 -0.004 
1970-total-N® 4 h 3 2 1 
12-24 0.029 0,028 0,012 -0.003 
^All values underlined not significantly different at ISDgg^ . 
^Soil layer in inches. 
*^Mean change in percent by weight. 
change. 
®A11 values underlined not significantly different at LSD^q^ . 
In 1969 a significant decrease in pH was noted in Treatments 2 and 3 
at the 6-12 inch depth interval when compared to Treatment 1. Possibly, 
nitrate-N was increasing the acidity in those two treatments. Treatment 4 
showed no change. 
In 1970 all treatments again received anaerobic lagoon effluent; how­
ever, the amount received and the application techniques were different. 
The only constituent found significant was the total-N at the 6-12 and 
12-24 inch soil depth intervals. Weekly 2-inch applications in three 2/3-
inch daily applications appeared to have little effect on the total-N 
content in the soil below 6 inches deep while the same application pro­
cedure used biweekly and application of 2 inches at 350 mb soil suction 
increased the total-N content significantly as shown in Table 11. 
Treatments 2 and 4 received anaerobic lagoon effluent according to the 
same application criteria for both I969 and 1970. So, the soil changes 
measured over the two-year period should give better indications of gross 
changes than either 1969 or 1970 singularly. Since no areas where lagoon 
effluent was applied were sampled, the magnitude of the observed changes 
were used. By using the soil analyses data, LSD test values could be 
calculated to determine if the measured changes were significant. The LSD 
values at the 90 percent confidence level are given in Appendix Q for each 
measured constituent and each soil depth interval. Table 12 shows the 
measured changes in each of the six plots over the two-year period. No 
significant patterns could be detected for the total-N and carbon units. 
The drop in soil pH of all units was judged significant for both treatments 
with one exception. Possibly, increases of nitrate-N and sulfate in 
solution could cause the marked decrease in soil pH. 
The variation in soil analyses made an estimate of the nitrogen 
balance for the soil system impractical. The ISD at the 90 percent con­
fidence level requires that the change in total-N in the soil be greater 
than 3365 lb/acre of nitrogen. Only Treatment 4 received more than that 
amount in a single season, and the nitrate-N content of the resulting 
percolate was very high. Thus, though the data and analyses are limited. 
Table 12. Measured mean differences in total-N, carbon, and pH of the soil in each plot of 
Treatments 2 and 4 for the two-year period 1969-1970 
Treatment 
Total-N, % 
0-6^ 6-12 12-24 
Measured Constituent 
Carbon. % 
0-6 6-12 12-24 0-6 
M. 
6-12 12-24 
0,029 
0.017, 
0.095 
0.039, 
0.075' 
0.045 
-0.012 
0,008 
0.031 
0,773 
0,306 
0,476 
0.770 
0.153, 
0.107 
0.024. 
0.923 1.087 
—1.2 -0.4 -0.6 
-1.1° -1.5° -0.8^ 
—1.0 —0.7 —0.6^ 
8 
10 
12 
0.025 
•0.002 
0.034 
0.118= 
0.024 
0.047 
0.025 
0.017, 
0.047 
0.593 0.180 -0.174 -1.2^ -0.7° -0.7 
0,366 0.260 -0.140 -0.8° -0.8° -1.1^ 
1.370° 0.520 0,367 -0.8° -1.0° -0.9^ 
Soil depth interval, inches, 
^Plot number, 
°Significantly different by (See Appendix Q for test values). 
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the practice of applying such large volumes of lagoon effluent can not be 
recommended; and, in fact, no soil is likely to receive such large volumes 
of anaerobic lagoon effluent in actual practice. 
6? 
LABORATORY EXPERIMENTS 
Denitrification Potential of Anaerobic Lagoon Effluent 
Rationale 
The availability of organic carbon as an energy source conceivably 
limits denitrification in soils. Therefore, questions that needed to be 
answered when treating anaerobic swine lagoon effluent by soil infiltra­
tion were; 
1. Does anaerobic swine lagoon effluent contain adequate organic carbon 
to denitrify its nitrogen content if all the nitrogen has previously 
been converted to nitrate-N? (This condition would result if all 
the nitrogen of a previous application to soil had nitrified and the 
subsequent application was made so that the nitrate-N mixed with the 
applied effluent.) 
2. Does aeration of the lagoon effluent during application influence 
denitrification ? 
3. Does addition of surface soil to lagoon effluent + nitrate-N affect 
the rate of denitrification? 
The following relationship holds for electron transfer between organic 
carbon and nitrate-N: 
5 org-0° It aenltrlfyinfi^ 5 + 2 + 2 HjO 
3 organisms 
As in this research, where the availability of organic material or organic 
strength is measured as BOD or GOD, the amount of oxygen required by the 
organic carbon during a given period should be a measure of the potential 
for denitrification if no other oxygen resource is available. The best 
measure of the denitrification potential of the lagoon effluent is the 
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carbonaceous BOD^^ (ultimate BOD). This measurement, however, does not 
assure that denitrifying organisms would use either more or less of the 
carbonaceous material than aerobic organisms present in the BOD^^ 
determination. In anaerobic lagoon effluent, BODj^ is greater than the 
BOD^ and less than the GOD. From the previous electron transfer rela­
tionship, each gram of nitrate-N contains 2.86 grams of oxygen that are 
available to satisfy the oxygen requirements of the lagoon effluent. 
Thus, including the assumption that all of it is available as a source of 
organic carbon, the GOD content of the lagoon effluent must be 2.86 times 
that of the total-N content to obtain complete theoretical denitrlfication 
of the lagoon effluent nitrogen. If any of the available organic carbon 
is removed by organisms not Involved in denitrlfication, then the ratio of 
GOD/total-N must be greater than 2.86. In soil some nitrogen is undoubt­
edly removed by plants, but with applications of large amounts of lagoon 
effluent, such losses become small when compared to the total amount of 
nitrogen added. Although plants return some available carbon to the soil, 
the amount maida available for denitrifying organisms probably is not very 
significant if large amounts of nitrate-N are added. 
Procedure 
A laboratory experiment was set up to evaluate the three previously 
listed questions. lagoon effluent containing 958 mg/l COD, 226 mg/l 
BOD^, and 316 mg/l total-N was divided into two portions. One portion 
was aerated for 1 hr. resulting in a solution containing 912 mg/l GOD, 
202 mg/l BOD^, and 292 mg/l total-N. Three, 3OO ml stoppered bottles 
were filled with each of the two solutions. Nitrate-N was added to the 
remainder of the two solutions from a stock potassium nitrate solution 
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containing 10 mg/ral of NO^-N to supply 400 mg/l of NCy-N; then three, 
300 ml stoppered bottles were filled with each of the two resulting 
solutions. Finally, 100 g of wet soil (77.5 g dry) from the top 3 inches 
of plot 10 was added to each of six,30.0 ml stoppered bottles and three 
were filled with each of the nitrate-containing solutions. Forty ml 
samples were then taken and analyzed for nitrate-N and Kjeldahl-N. 
Samples were also taken 2, 6, and 14 days after the experiment began. 
The bottles were incubated at 23°G with the stoppers in place. The 
results of the nitrogen analyses are listed in Appendix M. 
Results and Discussion 
The Kjeldahl-N concentration in all the samples changed very little. 
Any reduction in the nitrate-N concentration could be attributed to 
denitrification. The lagoon effluent lost 27 mg/l of NO^-N, which was 
equal to 36 percent of the BOD^ and 8 percent of the GOD in the lagoon 
effluent, in 14 days. The aerated lagoon effluent lost 25 mg/l of 
NCy-N, which was equal to 37 percent of the BOD^ and 8 percent of the 
COD in the aerated lagoon effluent, in 14 days. These percentage losses 
consider the 4 percent dilution of the lagoon effluent solutions by 
the stock nitrate-N solution. 
The soil contributed to the amount of nitrate-N lost in 14 days in 
that the lagoon effluent and the aerated lagoon effluent with soil lost 
25 and 28 percent of the added nitrate-N, respectively. 
These results showed that the organic carbon contained in anaerobic 
lagoon effluent was relatively unavailable as a source of energy for 
denitrification. The lagoon effluent is a nitrogen rich, carbon poor 
solution. As far as denitrification potential is concerned, it is even 
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poorer than expected because of the apparent unavailability of the carbon 
contained in it as an energy source. One hour of aeration of the lagoon 
effluent did not increase the amount of nitrate-N lost over that lost 
from the unaerated lagoon effluent." 
When soil was added to the nitrate-N enriched lagoon effluent, 
loss of nitrate-N was improved. The soil appeared to provide additional 
energy that promoted denitrification. If indeed this is the case in the 
field, application of anaerobic lagoon effluent to soil may result in 
a decrease in the organic matter content of the soil. Of greater 
importance is the fact that even when the most ideal conditions for 
denitrification that could be expected in the research field were main­
tained continuously for 14 days in the laboratory, only about .100 mg/l 
of added nitrate-N was lost from a nitrate-N containing solution similar 
to those found in the field soil where anaerobic lagoon effluent was 
being applied. The denitrification potential of field soil appears to 
be incapable of removing large quantities of nitrate-N, However, there 
certainly appears to be a potential for removing several pounds/acre per 
year. The amount of nitrogen being applied per year probably determines 
if the loss by denitrification is important. 
Glucose as an Organic Carbon Source to 
Improve Denitrification Potential of 
Anaerobic Lagoon Effluent 
Introduction 
The previous experiment showed that the organic material in anaerobic 
lagoon effluent was a poor source of energy for denitrification. Denitri­
fication should be improved if the lagoon effluent is enriched with 
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a readily available carbon source such as glucose. 
Procedure 
Six 300 ml stoppered glass bottles were prepared with anaerobic 
lagoon effluent containing a GOD of 976 mg/l and BOD^ of 222 mg/l plus 
nitrate-N at an average rate of 412 mg/l. Glucose was added at COD rates 
of 0, 220, 440, 1100, 2200, and 4400 mg/l. The bottles were incubated at 
23°G in the laboratory. Forty ml scunples were taken at 0, 2, and 7 
days for nitrate-N and Kjeldahl-N analyses. 
Results 
The results of the nitrogen analyses are given in Table M-2. The 
Kjeldahl-N concentrations did not change during incubation, so any loss 
of nitrate-N could be attributed to denitrification. The amount of 
nitrate-N lost from the anaerobic lagoon effluent with no glucose was 
equal to 7 percent of the GOD contained in the effluent. 
Table I3 summarizes the efficiency of the glucose as a carbon 
source, Complete loss of nitrate-N in 7 days required more than 2200 mg/l 
of GOD from glucose. The efficiency of additions less than the theoretical 
requirements of the nitrate-N were lower than additions greater than the 
theoretical requirements. Apparently, the truly anaerobic organisms 
in the lagoon effluent do not or could not use nitrate as a proton 
acceptor. Smaller amounts of glucose added were removed by the anaerobic 
organisms before denitrifying organisms could utilize it. Greater 
additions of glucose, though probably utilized similarly, by remaining in 
solution longer permitted denitrifying organisms to utilize a greater 
portion. 
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Table 13• Utilization of GOD of glucose as organic carbon source for 
denitrification of nitrate-N to anaerobic lagoon effluent 
incubated 7 days at 23°G in stoppered bottles 
GOD added* 
mg/l 
NO -N lost, 
mg/l 
#NGp-N 
lost 
COD required 
mg/l 
Added GOD 
utilized 
mg/l 
% added COD 
utilized 
0 22 5 66 
220 24 6 69 3 1 
440 79 19 224 158 36 
1100 216 53 617 551 50 
2200 406 99 1162 1096 50 
4400 412 100 1177 1111 25 
*1 mg glucose = 1.1 mg GOD, 
Addition of glucose, molasses, or some other inexpensive source of 
organic carbon to anaerobic lagoon effluent during sprinkling might be 
one way to improve denitrification in the soil; however, it might also 
produce microbial growth that would seal the soil ajid decrease infiltra­
tion. Little has been mentioned in this thesis concerning infiltration 
of low quality waters, and maintaining the infiltration rate of the soil 
must be a prime consideration in any wastewater disposal system. 
Effect of Soil Composition and Organic 
Matter Additions to the Soil on the Treatment 
of Anaerobic Lagoon Effluent 
Introduction 
Another method for promoting denitrification in soil is to increase 
the available organic carbon content within the soil by additions of soil 
amendments, straw for example. If the source is too readily available, 
it will be utilized rapidly and have to be replenished frequently. Also, 
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a readily available source may not allow aerobic conditions to exist long 
enough between lagoon effluent applications or precipitation to maintain 
infiltration. It has been previously noted that during the field 
experiment, once the soil surface became sealed and ponded, infiltration 
was lost until that area dried and reaerated. Therefore, a carbon source 
should be slowly available so that it will provide an energy source for at 
least a season of applications, yet not provide so much energy that the 
soil will not return to aerobic conditions upon drying. 
Oat straw was chosen for the carbon source to be added to the soil. 
The GOD of straw was found to be about 1.2 lb/lb. If 50 percent of the 
GOD could be utilized to denitrify nitrate, as was found with glucose 
in lagoon effluent, then 0.2 lb. of nitrate-N should be lost for each 
pound of straw each. 
The plan for this experiment was, for one year, to apply 2 inches of 
lagoon effluent per week in four consecutive daily applications of 1/2-
inch each. Thus, a total of 100 inches of lagoon effluent was to be 
applied. If the total-N averaged 400 mg/l, then 9OOO lb/acre of nitrogen 
would be applied and about 40 tons/acre of straw would be needed. On a 
volume basis, 20 tons/acre of straw alone packed down to a layer 1 inch 
thick. After incorporation in the top 6 inches of soil the layer appeared 
more like a mulch than soil. Incorporation of the straw into the top 6 
inches was chosen, because field incorporation could most easily be done 
in that region of the soil, the GOD of the lagoon effluent would still 
be partially available as an energy source if the denitrifying layer were 
near the surface, and the soil could be dried and aerated more rapidly at 
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the surface if it became anaerobic and plugged. 
In the field experiment, only one natural soil was studied. This 
soil was as heavy in consistency as any that would be acceptable for 
irrigation disposal. To provide lighter textured soils, pit run sand 
with an effective size (D^g) of 0,3 mm and uniformity coefficient 
(D Q^/D Q^) of 5 was mixed with soil from the research field. Texture was 
deemed more important than soil origin. 
Procedure 
Sufficient soil to fill five 6-inch diameter by 4 ft, soil columns 
was removed in layers of 0-1, 1-2, and 2-4 ft, from an area of the research 
field where no lagoon effluent had been applied. The soil was then placed 
on plastic sheets in the laboratory and allowed to dry for two weeks. 
Sand from a nearby quarry was stockpiled at the research site. 
Ten 6-inch diameter by $0 inches deep soil columns were fabricated 
from polyvinyl chloride (PVC) plastic pipe. In the bottom a 7-inch piece 
of l/4-inch inside diameter plexiglass tubing with l/4-inch V-notches on 
1-inch centers was bonded to a sheet of 3/l6-inch plexiglass with the 
notches towards the bottom to provide a drain for the column. A hole 
large enough to receive the plexiglass tube was cut in the bottom edge of 
the 6-inch column. The plexiglass plate was then bonded to the soil 
column to form a watertight seal, A 6-inch piece of Tygon tubing 
equipped with a hose clamp was placed on each drain tube. All columns 
were then tested for watertightness. 
The ten columns were then filled with various mixtures of soil mixed 
on a volume basis. Two columns were filled with each of the following 
mixtures: 0-100, 25-75» 50-50» 75-25» and 100-0 percent field soil and 
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sand, respectively. They were then numbered 1-10 consecutively. The 
soil was passed through a No. 8 sieve and then mixed with the sand in a 
concrete mixer for 5 minutes. Particles too large to pass the sieve were 
discarded. 
A 1-inch layer of sand was placed in the bottom of each column to 
provide drainage. The soil from the same layer as removed from the field 
was mixed with sand on an uncompacted volume basis of 1-1/2 volumes of 
soil equivalent to 1 volume of sand. The mixture was placed in 3-inch 
uncompacted layers. Each layer was then compacted by'twenty 6-inch drops 
of a pipe with a 1-1/2 inch diameter cap on the end. 
For the 5 columns that required the soil-straw mixture in the top 
6 inches, the straw was mixed with enough soil to fill less than 6 inches 
of the column. The oat straw used was chopped into pieces less than 1 
inch long. The straw and soil mixture was compacted into a short section 
of the same diameter pipe. Additional soil was added to obtain the 6-
inch compacted depth needed. The entire volume was then removed from the 
pipe, thoroughly mixed, and then packed into the soil column. 
Samples were taken from each different mixture for each depth. For 
those columns with straw in the top 6 inches the straw was assumed to 
occupy 1 inch and the soil 5 inches, and the amount of carbon ajid total-N 
for each was calculated on that basis. 
The ten packed columns were then arranged in a 30-inch diameter 
circle on a drained platform along with two dummy columns, A rotating 
boom with two pipes dripped lagoon effluent pumped from a reservoir by 
a diaphram type metering pump onto each column. The setup delivered 
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about 0.6 inches/hr. of lagoon effluent to each column. The two dummy 
columns were each topped with a 3-inch section of pipe sealed on the 
bottom with a sheet of plexiglass. These two pans served as catch cans 
to determine how much effluent was applied each day. 
Each outlet tube at the bottom of the columns drained into a 1 pint 
plastic bottle. The end of each tube was raised enough at the outlet to 
insure that the sand in the bottom of the columns was always saturated so 
that the capillary was not broken. 
One gram of tall fescue seed was planted in each column for a cover 
crop. 
Lagoon effluent was applied Monday through Thursday in approximately 
l/2-inch applications daily. If the surface of any column showed standing 
water, that column was covered, and no effluent was applied. Each day the 
amount applied and any columns that did not receive effluent were recorded. 
On Wednesday all bottles more than l/3 full were emptied and the volume 
of percolate recorded and discarded. On Saturday the volume of percolate 
from all columns was measured, and the percolate analyzed. The first 
five weeks analyses were done weekly for each of the following constit­
uents; COD, total-N, total-P, chloride, and pH, Thereafter, the percolate 
was weekly analyzed for only one of the constituents, each constituent 
thus analyzed every fourth week. Procedures for analyses are listed in 
Appendix A. 
After the final application, the columns were drained for one week. 
Then they were cut into sections 0-6, 6-12, 12-24, and 24-48 inches deep. 
One soil sample consisting of six 3/4-inch soil cores was taken from each 
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section of each column. 
The soil samples taken before and after the application the lagoon 
effluent were air dried emd ground; then three determinations of carbon 
and total-N made by the procedures listed in Appendix A. 
Results 
The amount of sand and soil in each column at each depth was deter­
mined by calculations. The amounts of carbon and total-N for each mixture 
were determined from analyses and are listed in Appendix N. By using the 
carbon and total-N for the sand (columns 1 and 2) and the soil (columns 
9 and 10) and the amount of each measured in the mixture for columns 3-8, 
the percent of sand and soil in columns 3-8 could be calculated from the 
following equation: 
Y F - (100 - X)(CSO) 
^ " CSA 
where, X = sand in mixture, percent by weight 
100-X = soil in mixture, percent by weight 
F = amount of carbon or total-N in column sample, percent 
by weight 
CSO = amount of carbon or total-N in soil, percent by weight 
CSA = amount of carbon or total-N in sand, percent by weight 
Table 14 lists the results of these calculations after the two values 
obtained were averaged. As it turned out, the columns contained more sand 
than desirable. 
The straw used in the columns had. carbon and total-N contents of 
59,1 and 0,57 percent, respectively. The 20 tons/acre of straw added 
equalled 92.7 g of dry straw for each column. 
Applications of lagoon effluent began on August 17» 1970, and were 
continued until June 24, 1971» Columns 1-4 and 7 accepted the lagoon 
effluent at the 2 inch/wk. rate throughout the 45-week period. Columns 
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6 and 8 each lasted through periods of 8 and 4 weeks, respectively, before 
applications had to be reduced because of waterlogged conditions. However, 
at the end of three months, both had recovered and accepted 2 inches/wk. 
for the remainder of the experiment. The breakdown of the straw probably 
required enough oxygen that the soil did not reaerate between weekly 
applications. Once the large initial demand for oxygen by the straw was 
satisfied, the columns were able to remain open. 
Table 14. Amount of sand and soil at each depth in each packed soil 
column used to study renovation of anaerobic lagoon effluent 
Column Soil Sand^ Soil^ 
No, depth, ft. % % 
1, 2 0-1 100 0 
1-2 100 0 
2-4 100 0 
3, 4 0-1 78.6 21,4 
1-2 80.7 19.3 
2-4 77.0 23.0 
5» 6 0-1 58.8 41.2 
1-2 60.4 39.6 
2-4 53.4 46.6 
7, 8 0-1 47.4 52.6 
1-2 34.2 65.8 
2-4 29.2 70.8 
9, 10 0-1 0 100 
1-2 0 100 
2-4 0 100 
^Pit run sand ES = 0.3 mm, U.C. = 5» 
^Webster silty clay loam. 
Column 5 began to plug about four months after the applications 
began. Even though it was given a chance to rest, it never fully re­
covered, The applications on column 5 averaged about 1.2 inches/wk. over 
the last six months. 
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About four weeks after applications began, the soil in columns 9 and 
10 became saturated and no longer accepted 2 inches/wk. Thereafter, the 
columns received about one inch/wk., and most of this was lost by surface 
evaporation because the surface was ponded much of the time. Table 15 
summarizes the amounts of lagoon effluent applied and the resulting 
percolate for each column during the 45-week period. The weekly amounts 
of lagoon effluent applied and percolate for each column are listed in 
Appendix P. 
Table 15» Amount of applied lagoon effluent and resulting percolate from 
each soil column used to study renovation of anaerobic Isigoon 
effluent during a 45-week period 
Column Applied Percolate Percolate/Applied 
No. in. in. % 
1 88.67 79.29 89.5 
2 88.67 70.78 79.9 
3 88.6? 62.73 70.7 
4 88.67 66.74 75.3 
5 70.44 48.77 69.3 
6 81.78 70.77 85.6 
7 88.67 65.45 73.8 
8 82.66 62.78 76.0 
9 41.07 13.31 33.2 
10 50.81 17.78 35.0 
Initially, the fescue grew well on columns 2-10 even though some 
were waterlogged part of the time. Column 1 drained so well that the 
grass seedlings dehydrated during the 3-day rest period. After about 
three months the grass on 9 and 10 completely died. At that time the 
grass on all columns was cut to 3 inches tall and the bare spots were 
reseeded. Column 1 then grew well, but columns 9 and 10 remained too wet 
for sustained growth. Grass was growing on columns 1-8 when the experi­
ment ended. 
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The average concentrations of the measured qualities of the anaerobic 
lagoon effluent applied to the soil columns are listed in Table l6. For 
winter usage lagoon effluent was collected in December and stored in a 
galvanized stock tank at about ^°C. The alkaline pH of the lagoon 
effluent made ammonia desorption a likely process for loss of nitrogen 
from any columns that were ponded. 
Table 16, Average measured qualities of lagoon effluent applied to soil 
columns in the laboratory 
Constituent Concentration 
GOD, mg/l 856 
Total-N, mg/l 222 
Total-P, mg/l 62 
Chloride, mg/l 164 
pH 7.6 
To evaluate the effectiveness of the soil column to remove COD, 
total-N, total-P, and chloride mass balances were made for each column. 
These balances are shown in Tables 17-20, The calculations assume that 
all the applied lagoon effluent and percolate between two scimples for 
a particular constituent contained the concentration as that measured in 
the second sample. The data used for these calculations are all listed 
in Appendices N and P. 
All columns removed more than ^ 6 percent of the applied GOD in 4 ft, 
of percolation. The columns with straw in the top 6 inches (even numbers) 
removed slightly less GOD, The straw may have added soluble organic 
material that was not removed by the time the percolate reached the 
drains. All textures of soil reduced the average COD in the percolate to 
3O-60 mg/l when 2 inches/wk, of lagoon effluent was applied and the soil 
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surface was capable of infiltrating that rate. 
Table 1?. GOD balance for lagoon effluent added, percolate that drained 
from, and soil accumulation of carbon for each soil column used 
to study renovation of anaerobic lagoon effluent by soil 
treatment 
Column COD applied. COD out Reduction Soil Accumulation 
No, mg mg % of Carbon, mg 
1 37578 1669 95.6 I3O87 
2 37578 1490 96,0 -27386 
3 37578 1176 96.9 -3180 
4 37578 1343 96.4 -36654 
5 28838 890 96,9 -14707 
6 35268 1662 95.3 -37477 
7 37578 1043 97.2 2126 
8 35403 1610 95.5 -4869 
9 17331 376 97.8 12944 
10 22066 662 97.0 -35927 
Table 18, Nitrogen balance for each soil column used to study renovation 
of anaerobic lagoon effluent by soil treatment 
Column N applied. N out. Reduction, Soil Accumulation N Unaccounted 
No. mg mg % of N, mg for, % 
1 9857 7817 20,6 3O82 -10,6^ 
2 9857 6789 31.2 2147 
3 9857 6915 29.8 3182 -2.4* 
4 9857 6609 33.0 2894 3.6 
5 7467 3359 55.0 1098 40,3 
6 93O8 4131 55.6 3195 21.3 
7 9857 6837 30.6 2968 0.5 
8 9367 3839 59.0 4161 14,6 
9 458I 519 88.7 1132 63.9 
10 5847 107 98.9 608 87.8 
^Negative sign indicates more than 100 percent of total-N accounted 
for. 
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Table 19. Total-phosphorus balance for lagoon effluent added and per­
colate that drained from each soil column used to study 
renovation of anaerobic lagoon effluent by soil treatment 
Column Total-P Total-P Reduction, 
No. Applied, mg Out, mg % 
1 2507 4,64 99.8 
2 2507 3.81 99.8 
3 2507 4.74 99.9 
4 2507 3.01 99.9 
5 1911 2.09 99.9 
6 2364 2.98 99.9 
7 2507 2.52 99.9 
8 2381 2,24 99.9 
9 1166 0.46 100.0 
10 1480 0,61 100.0 
Nearly all the nitrogen in the applied effluent was in the ammonia-N 
form. In the percolate no ammonia-N concentrations greater than 1 mg/l 
were detected, so the total-N values reported in Appendix P are nearly 
all nitrate-N, 
All textures of soil reduced the amount of total-N in the percolate 
over the amount of total-N in the applied lagoon effluent caught on the 
surface as shown in Table 18, The columns that showed nitrogen losses 
greater than 10 percent (5» 6, 8, 9» 10) all at some time during the 
experiment were unable to accept the lagoon effluent continuously. 
Apparently, waterlogged conditions either are necessary, or at least are 
an indication of the conditions necessary, for nitrogen losses from the 
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soil. Columns 5» 9» and 10 lost the largest percentage of the total-N 
applied; however, they were ponded most of the time so that ammonia 
desorption accounted for part of their nitrogen loss. 
Table 20, Chloride ion balance for lagoon effluent added and percolate 
that drained from each soil column used to study renovation of 
anaerobic lagoon effluent by soil treatment 
Column Chloride Chloride Reduction 
No, Applied, rag Out, mg % 
1 7140 7443 -4.2* 
2 7140 7003 1.8 
3 7140 6503 9.0 
4 7140 6327 11.3 
5 536? 4668 13.1 
6 6739 6222 7.6 
7 7140 6228 12.8 
8 6769 6312 6.7 
9 3222 947 77.0 
10 4117 1807 74.7 
^Negative sign indicates more chloride drained out than was added. 
In four of the five columns with 20 tons/acre of straw in the top 
6 inches less total-N drained from them on a percentage basis than from 
the corresponding columns with no straw. The straw, however, did not 
appear to serve as a good source of energy for denitrification. The 
columns that appeeired to lose nitrogen by denitrification would not have 
been suitable for crop production because of the waterlogged or nearly 
waterlogged conditions that were necessary for promoting denitrification. 
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Also, none of the columns were capable of both maintaining good infiltra­
tion and providing losses of nitrogen large enough to be used singularly 
as a wastewater renovation system for anaerobic lagoon effluent. 
All textures of soils reduced the amount of total-P in the percolate 
to 0,2 percent or less of the amount applied in the lagoon effluent as 
shown in Table 19# The concentrations of total-P in the drainage were 
always less than 1 mg/l and averaged less than 0.15 mg/l as P. More than 
80 percent of the total-P in the lagoon effluent and percolate was in the 
orthophosphate form. Even sandy soils appear to be capable of removing 
considerable amounts of soluble phosphate when applied at low rates. 
The amount of chloride ion in the percolate from the soil columns was 
reduced less than 13.1 percent by all columns except 9 and 10 as shown in 
Table 20, In 9 and 10, the amount of water that moved through these 
columns was insufficient to establish an equilibrium concentration in the 
soil solution, only slightly more than 1 pore volume of water collected 
during the 45-week experiment. The small reduction of chloride in the 
percolates from columns 2-6 probably reflects the amount of chloride ion 
remaining in the pore water of each column at the end of the experiment. 
The concentrations of chloride in the percolate were slightly greater than 
in the applied effluent, because a portion of the applied water was lost 
by évapotranspiration. 
These results indicate that textures of soil capable of receiving and 
infiltrating additional water, over and above natural precipitation, at 
rates that are feasible for sprinkler irrigation equipment (0.1 inch/hr. 
or greater), should be capable of serving as a wastewater treatment 
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media for anaerobic lagoon effluent. The nitrogen concentration in the 
percolate, however, will probably limit the amount of anaerobic lagoon 
effluent that should be applied annually. 
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CONCLUSIONS 
1. Anaerobic swine lagoon effluent can be safely applied to soil with 
conventional sprinkler irrigation equipment in central Iowa, from mid 
April through early November when the soil will accept additional water. 
2. Lagoon effluent should be applied at rates low enough to insure 
complete infiltration. 
3. For tile drained fields application of the lagoon effluent directly 
over the drains should be minimized. 
4. The quantity applied should not saturate the soil and thereby increase 
the potential for runoff and erosion from natural precipitation. 
5. Infiltration and percolation of anaerobic swine lagoon effluent 
through 4 ft. of soil, ranging in texture from sand to silty clay loam, 
will remove from the percolate about 95» 99» and 99+ percent of the COD, 
ammonia-N, and total-P, respectively. 
6. The amount of total-N in the percolate will be less than that applied; 
however, substantial loss of nitrogen cannot be expected beyond that 
amount of total-N contained in the applied anaerobic lagoon effluent 
required by growing crops. 
7. The pH of the top 2 ft. of soil decreased significantly where anaerobic 
lagoon effluent was applied continuously for two years at rates from 16-
48 inches per season. 
8. Anaerobic lagoon effluent is a carbon deficient, nitrogen rich solu­
tion. Its carbon content is theoretically inadequate to denitrify its 
total-N content if all the total-N is first oxidized to nitrate-N, 
9. Anaerobic lagoon effluent is a poor source of energy for denitrifica-
87 
tion of nitrate-N. In 14- days of incubation j6 percent of the BOD^ was 
utilized for denitrification when nitrate-N was added to lagoon effluent. 
10. Addition of soil with about 2 percent carbon to anaerobic lagoon 
effluent containing nitrate-N increased the rate of loss of nitrate-N. 
11. Addition of 20 tons/acre of straw to the top six inches of soil 
where anaerobic lagoon effluent was applied did not reduce the amount of 
total-N in the percolate. 
12. Waterlogged conditions that reduced the infiltration rate of the 
anaerobic lagoon effluent resulted in substantial losses of nitrogen. 
13. Conditions necessary for denitrification would inhibit crop produc­
tion, 
14. Anaerobic lagoon effluent should be considered as a very dilute 
solution of liquid nitrogen and applied to soil at rates that consider 
the nitrogen requirements of the crop to be grown on the disposal area. 
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FURTHER DISCUSSION 
Engineering research should contribute the parameters needed to devise 
a method and design the equipment that solves a problem. The results of 
this research can be applied equally to anaerobic swine lagoon effluent 
or cattle feedlot runoff, because they are very similar in that both are 
nitrogen rich, carbon deficient wastewaters. 
One solution to the problem of the disposal of anaerobic swine 
lagoon effluent is the following design for a system in which the swine 
wastes from a 700-head finishing building are hydraulically carried to the 
anaerobic lagoon using recycled lagoon effluent. In this system, the 
annual contribution of extra water and wastes is about 700 gal/animal 
capacity. The total-N content of the anaerobic lagoon effluent during 
the disposal season averages about 400 mg/l as nitrogen. The design also 
assumes no lagoon seepage, no added surface runoff water, and an evap­
oration rate from the lagoon equal to the annual precipitation. The total 
volume of extra liquid is, therefore, about 490,000 gal, which contains 
1650 lbs, of total-N, If desorption during spreading is 20 percent of the 
total-N pumped from the lagoon, then 375 lb/acre of nitrogen can be 
pumped and 4,5 acres of land is required if planted to a growing crop. 
Four inches of effluent is applied at a low rate (0,10 inch/hr,) in 
about six applications averaging 2/3 inches each at times when there is 
no danger of surface runoff. For com, applications can be made from 
about six weeks after emergence until about three weeks before harvest. 
Applications can also be continued after the com had been harvested if 
soil conditions permit them without runoff. 
/ 
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Row crops almost specify a permanently set type of sprinkler irriga­
tion system, because it is nearly impossible to move equipment in the field 
during the period the crop is amenable to applications. Permanent systems 
cost from $800-l200/acre for equipment and installation but can be almost 
completely automated. 
If both ample land smd some labor are available, a system with a 
lower initial cost can be used. With an area twice as large as that in a 
permanent field, one half of the field may be planted to a row crop that 
requires and takes up nitrogen in large amounts, such as com or forage 
sorghums. The other half is then planted with a crop that will provide 
cover but not hinder movement of portable irrigation equipment. Lagoon 
effluent is pumped at the 375 lb/acre of nitrogen rate to the cover crop 
portion. In alternate years the two halves are reversed. 
To operate the system, portable irrigation pipe is laid with a main 
alone one side of the field and a single lateral located perpendicular to 
the main. Three, 2/3-inch applications are made at one setting; then the 
lateral is moved to a new area. Cuch a system would initially cost about 
$2000 and require about 40 hours of labor per year. 
Anaerobic lagoon effluent could be disposed of by the conventional 
methods of hauling and spreading liquid manure. The volume to be disposed 
of should be about the same as with liquid manure systems. The lagoon 
effluent, however, can be handled as water, and it will not cause 
nuisance problems so it could be spread at the convenience of the producer 
if sufficient storage volume is provided in the lagoon. 
In areas where evaporation exceeds precipitation repeated disposal 
on a minimum permanent area is not recommended» The inorganic salts in 
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the lagoon could accumulate in soil upon which effluent is applied 
repeatedly "both "because of little net leaching and because in dryer areas 
net evaporation results in a higher concentration of inorganic salts in 
the lagoon effluent itself. Hauling and spreading is more feasible, 
because the evaporation loss from the lagoon means that less excess liquid 
is produced. 
Cattle feedlot runoff is more of a problem than anaerobic swine 
lagoon effluent, because it contains higher concentrations of total-N and 
the volume to be disposed of per animal is greater. In central Iowa 6-12 
inches of runoff per year from a cattle feedlot can be expected. The 
total-N concentration may average about 700 mg/l as nitrogen. If the 
limit of 375 lb/acre of nitrogen is adhered to, an area 2^-5 times the 
feedlot would be required for disposal of the runoff. In addition, 
because spreading on crops is difficult, a disposal area twice this size 
may be needed to permit alternate cropping and spreading. Portable 
irrigation equipment capable of irrigating large area costs about $150/ 
acre, and considerable labor is required to operate it. Minimizing the 
area of the feedlot and controlling the amount of unpolluted runoff that 
must be disposed of is, therefore, of high priority. In addition to the 
cattle feedlot runoff disposal area, adequate land should be available to 
dispose of the solids that accumulate and eventually must be removed from 
the feedlot. 
Finally, the results of this research suggest that blanket recommen­
dations for disposal of animal wastes would be: a) an application rate 
no greater than that amount of wastes that will put 300 lb/acre of 
nitrogen into the soil; b) no additional nitrogen fertilizer should be 
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applied on those areas; and c) the crops grown and harvested from the 
disposal areas should be selected to remove most of the applied nitrogen. 
These recommendations require prior knowledge of the nitrogen content of 
animal wastes just as it is important to know the nitrogen analysis of 
commercial fertilizers. 
Although handling azid spreading animal wcistes is not usually a 
profitable crop production operation, the importance of doing so in a 
manner that will minimize air, surface water, and ground water pollution 
must be stressed. The cost of doing the job correctly today may be a 
small price to pay compared with future imposed regulations that could 
result if pollution from animal wastes continues. 
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RECOMMENDATIONS 
1. Disposal of anaerobic swine lagoon effluent by annual applications 
onto the same soil should be limited to an amount that applies no more 
than 300 lb/acre of nitrogen. Crops such as com, forage sorghum, or 
grasses should be grown on the soil used for disposal of lagoon effluent. 
The crop must be removed from the soil, as this will be the major means of 
removing the added nitrogen. Nitrogen fertilizer should not be applied 
to the disposal area, 
2. Application of anaerobic swine lagoon effluent to. soil with convention­
al sprinkler irrigation should be at low intensities in order to promote 
desorption of ammonia during spreading. About 375 lb/acre of nitrogen can 
be pumped because desorption in the sprinkling process can be expected to 
reduce the total amount of nitrogen by about 20 percent. 
3. Additional desorption of ammonia should be considered as a means of 
reducing the amount of nitrogen in anaerobic swine lagoon effluent prior to 
disposal into soil. Two possible methods, or a combination of both are: 
addition of lime to raise the pH, thus increasing the desorption potential; 
or increasing the surface area by use of a cooling tower or shallow basin. 
Additionally, the calcium in lime should improve the ratio of divalent to 
monovalent cations in the effluent. The rate of release of gaseous 
ammonia from the air-liquid interface appears to be the controlling factor 
in desorption. Additional information is needed on ammonia desorption, 
and on the fate of the ammonia in the environment, since anaerobic 
lagoons already desorb much of the nitrogen added to them. Further 
desorption before disposal is small by comparison to the quantity lost by 
the lagoon. 
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4. If the nitrogen content of anaerobic swine lagoon effluent were 
greatly reduced, so that it no longer limited the application rate, the 
long-term effects of the inorganic salts (sodium potassium, etc.) on the 
soil should be considered. Even though the nitrogen in anaerobic swine 
lagoon effluent is now a problem, it may be overcoming hazards of salt 
accumulation in soil by requiring that the effluent be spread over an area 
capable of handling the salts contained, 
5. The above recommendations for anaerobic swine lagoon effluent apply 
equally to cattle feedlot irunoff, provided the settleable solids have been 
removed prior to disposal. 
6. Denitrification under field conditions needs further study. The com­
plexity of the nitrogen cycle coupled with the large amount of nitrogen 
contained within soil make conventional methods of chemical analysis 
difficult if not impractical. A field study of denitrification using 
may be a logical project even though the costs would be high. With all the 
present concern over nitrogen in the environment, further research on the 
nitrogen cycle needs immediate attention. 
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APPKNDIX A 
Water Analyses 
Chemical Oxygen Demand 
The COD determination procedure outlined in Standard Methods (48) was 
followed. Sample sizes varied according to the expected strength of the 
liquid being analyzed. On samples very low in GOD, 5 ml of 0.25 N 
potassium dichromate and 50 ml of sample were used. Approximately O.O5 N 
ferrous ammonium sulfate was used for titration instead of approximately 
0.25 N for these samples low in COD, 
Biochemical Oxygen Demand 
A Hach Chemical Company, Ames, Iowa, Manometric BOD Apparatus Model 
1791(51) was used. Samples were prepared so that at least 244 ml of 
liquid was used in the BOD bottle. The sample or prepared diluted sample 
had to have a BOD^ of less than I50 mg/l. 
Kjeldahl Nitrogen 
The general procedure outlined in Standard Methods (48) was used. 
Modifications were as follows: a 20 ml sample was used, ammonia was not 
removed, 10 ml of 2 percent boric acid was used, and 40 ml of distillate 
was collected. 
Ammonia Nitrogen 
Ammonia-H was done by steam distillation according to Bremner and 
Keeney (6 ). Distillation was continued until 40 ml of distillate was 
collected. A 20 ml sample was used, and the distillate was titrated with 
0.02 N sulfuric acid. 
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Nitrate + Nitrite Nitrogen 
The steam distillation method described by Bremner and Keeney (o ) 
was modified as described under ammonia-N. Additionally, after the 
ammonia-N had been distilled off, three drops of concentrated sodium 
hydroxide were added to those samples containing organic-N; distillation 
was then continued for five minutes. This procedure produced from the 
sample additional ammonia, apparently the result of a hydrolysis of a 
portion of the organic-N which caused erroneous nitrate results if not 
removed. 
For samples with little or no organic material or ammonia-N, the 
magnesium oxide and Devarda's alloy were added together, and only one 
distillation of 40 ml was made. The result was reported as total-N. 
Total-Phosphorus 
The method described by Murphy and Riley (38)was used. Reagents 
distributed by Hach Chemical Company, Ames, Iowa, were used. All samples 
were diluted to contain from 0-1 mg/l of total F before digestion. 
Chloride 
The Mohr method described in Standard Methods (48) was followed. 
Diphenylcarbazone indicator buffer powder prepared by Hach Chemical 
Company, Ames, Iowa, was used. 
pH 
Determinations of pH were made with a Model No. H2 Beckman pH meter. 
The meter was calibrated using standard buffer solutions of pH 4, 7» and 
10. 
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Soil Analyses 
Nitrogen 
Total soil N was determined by a Kjeldahl method modified to include 
nitrate ( 9 ). Sodium thiosulfate was added and the saimples were gently 
heated for 5 minutes to reduce nitrate to ammonium. All samples were 
digested 6 hours. Volumes and sample sizes were reduced to one third to 
acoommodate existing equipment. Samples were âized to contain 5- 10 mg 
of N. 
Carbon 
A wet combustion method (^2 ) that would recover 80-85 percent of the 
active carbon in soil was used. The potassium dichromate used was 1.0 N 
and 0.25 N ferrous ammonium sulfate was used for back titrating. Ten ml 
of potassium dichromate was used, and the sample size varied from 0.5-3.0 
g depending upon estimated carbon content, so that approximately one-half 
of the potassium dichromate was consumed. The results reported for carbon 
assume the test measured 80 percent of the active carbon in the sample. 
Soil pH was determined by thoroughly mixing approximately 50 ml of 
dry soil with an equal volume of distilled water. The mixture was allowed 
to sit for 30 minutes, and the pH of the mixture was then determined with 
a Beckman Model No. H2 meter. 
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APPENDIX B 
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Table B-1. Precipitation, application amounts, and estimated runoff for 
1969 on field plots 
Treatment 1, 2.0 inches tapwater at 750 mb soil suction 6 inches deep 
2, 2.0 inches lagoon liquid at 750 mb soil suction 6 inches deep 
3, 2.0 inches tapwater + N at 750 mb soil suction 6 inches deep 
4, 2.0 inches lagoon liquid at 350 mb soil suction 6 inches deep 
Mo-Day Precipitation Treatment 1 Treatment 2 Treatment 3 Treatment 4 
04-04 0.46®" 
04-08 0.08 
04-09 0.10 
04-14 0.67 
04-16 0.50 
04-17 0.84 
04-20 0.20 
04-24 
04-26 1.43 
05-02 0.35 
05-04 
05-06 0.30 
05-07 0.37 
05-10 0.10 
05-11 0.03 
05-12 0.04 
05-16 
05-17 0.75 
05-19 0.05 
05-20 
05-21 0.77 
05-28 
05-29 
06-02 
06-03 
06-04 0.02 
06-06 0.30 
06-07 0.80 
06-11 0.79 
06-12 0.87 
06-14 0.15 
06-16 
06-19 
06-21 
06-22 0.35 
(0.2)^ (0.2) (0.2) (0.2) 
2.1(0.0) 
(0.3) (0.3) (0.3) (0.5) 
1.8 
2.0(0.0) 
1.2 
2.0(0.1) 
1.7* 
2.0 
2.0 
2.0 
2.1(0.1) 
2.0 
1.8 
^All amounts in inches. 
^Estimated runoff from plots. 
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Table B--1. Continued 
Mo-Day Precipitation Treatment 1 Treatment 2 Treatment 3 Treatment 4 
06-26 1.88 (0.4) (0.6) (0.2) (0.5) 
06-28 0.20 
06-29 1.29 (0.2) (0.2) (0.2) (0.2) 
07-03 0.80 
07-04 0.05 
07-06 0.22 
07-07 0.72 
07-08 1.00 (0.3) (0.3) (0.3) (0.3) 
07-09 0.80 (0.2) (0.2) (0.2) (0.2) 
07-12 2.1(0.1) 
07-16 
07-17 0.20 1.8(0.1) 
07-18 2.2 
07-19 2.0 
07-21 2.1(0.2) 
07-22 2.0 
07-23 0.24 
07-26 2.30 (1.0) (1.0) (1.2) 2.0(1.8) 
07-30 2.0(0.3) 
07-31 2.0 
08-01 2.0 
08-02 2.2 
08-03 2.0(0.2) 
08-06 0.08 
08-08 1.08 2.0(0.7) 
08-11 2.0 
08-12 2.1(0.3) 2.1(0.2) 
08-13 2.0 
08-15 2.0(0.2) 
08-18 2.0(0.2) 
08-19 2.0 2.1 
08-20 1.50 (0.2) (0.4) (0.4) 
08-23 2.0(0.3) 
08-26 2.0 
08-27 1.9 2.1(0.3) 
08-28 1.9 
08-31 0.30 2.0(0.2) 
09-01 
09-03 1.9 
09-04 0.10 
09-06 1.85 (0.8) (0.8) (0.9) (0.9) 
09-10 0.53 2.0(0.6) 
09-14 2.05 (0.5) 2.0(1.5) (0.5) (1.0) 
09-19 0.3 2.0(0.3) 
09-23 0.14 
09-25 0.12 
09-26 1.7 
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Table B-1. Continued 
Mo-Day Precipitation Treatment 1 Treatment 2 Treatment 3 Treatment 4 
09-27 2.1 
09-29 2.3(0.4) 
10-02 0.05 
10-05 0,63 
10-07 2.1(0.3) 
10-08 2.2 
10-09 2.0 
10-10 0,12 2.0 
10-12 1.13 
10-15 0.27 
10-19 0.25 
10-20 0.30 
10-24 2.3(0.3) 
10-26 2.6(0.3) 
10-30 0.42 
10-31 0.79 
Total 31.77 15.7(3.9) 24.9(5.9) 18.4(4.4) 48.1(11.1) 
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Table B-2. Precipitation, application amounts of lagoon liquid, and 
estimated runoff for 1970 on field plots 
Treatment 1, 2.0 inches weekly in 3» 2/3-inch daily applications 
2, 2.0 inches at 750 mb soil suction 6 inches deep 
3, 2.0 inches bi-weekly in 3» 2/3-inch daily applications 
4, 2.0 inches at 350 mb soil suction 6 inches deep 
Mo-Day Precipitation Treatment 1 Treatment 2 Treatment 3 Treatment 4 
04-05 0.08* 
04-12 0.26 
04-13 0.54 
04-18 0.20 
04-19 0.03 
05-09 0.08 
05-11 0.20 •U 
05-12 2.15 (o.5)t (0.5) (0.5) (0.5) 
05-13 1.88 (0.5) (0.5) (0.5) (0.5) 
05-14 0.87 (0.3) (0.3) (0.3) (0.3) 
05-15 0.01 
05-19 0.6^ 1.7 
05-20 0.9 
05-21 1.1 
05-22 1.10 1.6(0.7) 
05-23 1.05 (0.4) (0.4) (0.4) (0.8) 
05-24 0.06 
05-28 0.09 1.2 
05-29 0.8 
05-31 0.03 1.9(0.2) 
06-02 0.35 1.2 
06-04 1.0 
06-05 2.3 
06-08 0.8 2.4(0.2) 
06-09 0.4 
06-10 0.06 0.8 
06-11 1.29 1.0(0.4) (0.2) 
06-13 1.3 
06-15 0.8 
06-16 0.50 0.8(0.2) 
06-17 0.7 
06-18 1.9(0.2) 
06-19 2.0 
06-20 0.48 
06-22 0.7 
06-23 0.6 
^All amounts in inches, 
^Estimated runoff from plots. 
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Table B-2. Continued 
Mo-Day Precipitation Treatment 1 Treatment 2 Treatment 3 Treatment 4 
06-24 0.8 
06-25 0.8 2.4(0.4) 
06-26 0.6 
06-27 0.9 
06-29 0.4 1.6 
06-30 0.6 1.4 
07-01 0.9 
07-03 0.10 
07-04 2.3(0.3) 
07-06 0.8 
07-07 0.7 
07-08 0.6 2.0 
07-09 0.7 
07-10 0.7 1.9 
07-11 0.7 
07-13 0.88 0.6 
07-14 1.9(0.3) 
07-15 0.4 
07-17 
07-18 0.50 1.3 
07-20 0.6 
07-21 0.7 
07-22 0.6 
07-23 2.2 0.7 
07-24 0.7 1.9(0.2) 
07-25 0.7 
07-27 2.09 
07-28 1.61 (0.5) (0.5) (0.7) (1.0) 
08-02 0.10 2.2(0.3) 
08-03 0.4 
08-04 2.75 (0.5) (0.5) (0.5) (1.0) 
08-05 0.10 
08-07 1.05 
08-08 0.35 
08-10 0.7 
08-11 0.6 
08-12 0.6 
08-17 1.62 2.0(1.0) 
08-18 0.13 
08-20 0.7 
08-21 0.7 
08-22 2.5(0.1) 0.6 
08-24 0.7 1.8(0.1) 
08-25 0.7 
08-26 0.8 
08-31 0.8 
09-01 0.9 2.1(0.3) 
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Table B-2. Continued 
Mo-Day Precipitation Treatment 1 Treatment 2 Treatment 3 Treatment 4 
09-02 0.9 
09-04 1.0 
09-05 1.7 1.1 
09-08 0.6 2.0(0.2) 
09-09 1.53 0.8(0.5) (0.3) (0.3) 
09-12 0.37 
09-13 0.08 
(0.3) 09-14 1.90 (0.3) (0.3) (0.5) 
09-15 0.84 (0.2) (0.2) (0.2) (0.2) 
09-16 0.25 
09-17 0.05 
09-21 0.20 
09-23 0.50 
09-25 0.97 
Total 29.28 28.3(4.1) 15.8(3.3) 14.9(4.1) 29.3(9.7) 
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APPENDIX C 
Table G-1. Soil temperatures in plot 1 for I969 
Mo-Day Time^ Depth in soil^ 
6 12 24 
06-09 1130 17.5° 17.5 16.0 
06-13 1100 16.5 16.5 16.0 
06-20 0900 17.0 16,5 15.5 
06-24 1330 18.0 17.0 16.0 
06-30 1100 19.5 18.5 16.5 
07-12 1030 21.5 20.5 18.0 
07-21 0930 22.5 21.5 19.0 
07-31 1100 26.5 23.0 20.5 
08-14 1600 24.0 22.0 21.0 
08-26 1300 25.5 24.0 23.0 
09-12 1030 22.0 22.5 22.0 
09-25 1330 18.0 19.0 19.5 
10-10 1100 15.0 17.0 17.5 
10-24 0900 11.0 14.0 16.5 
11-04 1100 07.0 08.5 09.0 
^Depth in inches. 
^Central Daylight Time (CDT). 
^Temperature in °C. 
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Table G-2. Soil temperatures in plot 1 for 1970 
Mo-Day Time^ Depth in soil^ 
6 12 24 
04-11 0930 06.0^ 05.0 03.0 
04-18 1000 09.5 08.0 06.0 
04-27 1230 14.0 10.5 08.0 
05-02 0900 07.5 09.0 09.5 
05-07 1700 12.5 11.0 09.5 
05-12 0900 17.0 15.0 11.5 
05-20 0800 19.0 18.0 15.0 
05-27 1800 19.0 18.0 15.5 
06-02 1600 18.0 17.5 15.5 
06-11 1030 19.5 18.5 16.5 
06-19 1100 20.5 19.0 17.0 
06-30 I83O 23.5 20.5 18.5 
07-08 1130 22.0 21.0 19.0 
07-18 1200 24.5 22.0 21.0 
07-27 0800 25.5 22.5 21.5 
08-06 0900 23.5 23.0 22.0 
08-14 0800 25.5 24.5 22.0 
08-28 1500 24.5 24.0 23.0 
09-10 0900 18.0 19.5 20.0 
09-17 0900 14.5 15.0 16.5 
09-26 O83O 13.0 15.0 16.5 
10-03 0830 13.0 14.5 15.5 
10-10 0800 09.0 11.5 14.5 
^Depth in inches. 
^Central Daylight Time (CDT). 
'^Temperature in °C, 
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APPENDIX D 
Table D-1. Measured tile drainage volumes for 1969 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
04-12 1200 940^ 740 1210 1900 1570 550 25 110 130 550 530 900 
04-14 I83O 840 870 1260 2780 3450 740 25 110 290 1580 470 740 
04-15 1900 1220 1470 2000 3480 5550 1290 210 450 240 870 920 1240 
04-16 I83O 1570 1790 2600 4750 6500 1480 550 1000 290 1050 1340 1950 
04-17 1730 2380 4600 4900 6300 7200 5350 2260 5050 2210 2450 3600 3550 
04-18 2000 2600 2950 3200 4800 10500 2850 740 2530 1470 1760 1700 2950 
04-20 1630 1800 1790 2300 3350 8000 1580 250 1200 420 1160 1060 I85O 
04-22 1030 1550 1360 1920 3000 5850 1260 160 500 240 800 840 1470 
04-24 2130 960 790 1260 2050 4650 760 160 290 130 870 520 1000 
04-25 1200 960 680 1200 1900 4400 740 130 1300 130 1290 500 1950 
04-26 2000 880 660 1030 1900 4200 700 130 1100 100 1350 470 1750 
04-27 1600 900 1280 1430 2180 3930 380 380 1190 470 850 850 1290 
04-28 1900 2100 2020 2400 2560 8200 2040 340 1240 530 1340 1240 i960 
04-29 2000 I68O 1480 19 80 3160 7280 1400 210 760 310 1030 900 1710 
04-30 1700 1530 1270 1760 2840 6800 1260 160 590 24- 790 810 1540 
05-01 2000 1400 1080 1640 2320 5820 1040 100 420 190 800 690 1340 
05-02 1900 1290 890 1490 2060 5680 920 60 290 140 680 580 1170 
05-03 1500 1150 740 1250 1800 5440 820 40 1190 100 580 500 1020 
^Central Daylight Time (GDT). 
^All volumes in ml/min; 1 ml/min = O.38 gpd = 2.55x10"^ inch/day of drainage assuming all 
drainage originated from the plot area. 
Table D-1. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
05-04 2000 1000 740 1220 1580 5160 700 30 120 80 540 500 880 
05-05 1800 890 600 1110 I89O 4840 640 70 610 100 850 400 1340 
05-06 2330 790 540 1040 2040 4840 570 20 250 70 700 390 1040 
05-07 1900 790 540 1020 1860 4760 550 20 200 80 620 370 910 
05-09 2100 820 660 1220 2420 5040 680 30 210 80 680 420 860 
05-10 2100 810 610 1040 2040 4250 560 5 140 60 600 360 850 
05-12 2100 700 480 940 1640 4120 400 0 60 40 440 340 580 
05-13 2100 640 420 860 960 3920 320 0 30 30 380 320 520 
05-14 2100 600 390 800 840 3920 280 0 30 30 360 280 480 
05-15 2100 620 380 780 760 3560 240 0 20 30 330 280 480 
05-18 1900 540 400 850 830 3760 220 0 20 20 500 260 560 
05-20 1930 500 340 760 800 3200 170 0 10 20 420 240 440 
05-21 0800 2240 3760 1700 
05-21 2100 840 1940 1260 3720 5320 1620 10 90 40 580 540 610 
05-23 1100 900 780 1400 2360 5520 880 10 80 30 640 540 780 
05-27 1400 600 460 980 1260 4220 420 0 30 30 420 330 490 
05-28 1630 560 400 920 1140 3840 340 0 30 20 370 290 460 
05-29 0800 200 760 880 
05-29 2200 600 1080 4400 
06-01 1500 360 260 720 660 2580 60 0 10 10 340 230 38O 
06-02 2100 360 240 680 660 2480 30 0 10 30 320 200 380 
Table D-1, Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
06-03 0800 850 1400 500 
06-03 1430 400 580 700 13^0 2320 350 0 10 10 280 250 390 
06-04 1330 360 340 660 890 2000 160 0 100 10 900 230 720 
06-05 1500 300 260 610 890 1780 70 0 10 5 480 200 460 
O6-O6 1500 250 220 580 760 1480 5 0 5 5 360 180 480 
06-07 1100 340 270 580 860 2720 20 0 5 10 380 190 480 
06-08 1000 310 210 610 820 2840 20 0 5 10 710 180 400 
06-09 1500 290 210 630 860 2700 40 0 0 5 340 160 370 
06-10 1400 270 190 570 680 2700 40 0 0 5 310 160 330 
06-11 1430 240 120 520 600 2400 10 0 0 5 260 160 300 
06-12 1430 450 280 600 990 6240 200 0 5 20 340 150 500 
06-13 1500 440 340 720 1680 6400 470 0 30 20 460 230 620 
06-14 1500 460 300 800 1520 5800 420 0 30 20 440 220 560 
06-15 1400 410 270 740 1390 5460 450 0 20 10 400 230 470 
06-16 1400 350 200 680 1290 4500 •420 0 30 20 340 190 410 
06-17 0800 200 180 30 1000 
06-17 1700 320 220 620 1060 4400 380 50 230 15 330 440 38O 
06-18 1600 280 180 580 920 4320 320 5 100 10 290 250 340 
06-19 1330 260 150 530 910 3520 220 5 40 10 270 200 300 
06-19 1530 5 60 10 300 190 340 
06-19 1630 5 530 10 410 200 500 
Table D-1. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
06-19 2130 5 1000 10 660 200 740 
06-20 1330 220 140 510 820 3040 210 0 200 10 470 200 500 
06-21 1430 210 110 470 740 2600 80 0 20 10 350 170 350 
06-22 2000 200 90 420 620 2260 30 0 10 10 270 140 260 
06-23 0630 H" 310 1360 1240 0 5 
06-23 1600 200 200 440 1140 1920 620 0 5 10 250 180 230 
06-24 1400 200 190 430 870 1680 270 0 5 10 250 180 220 
06-25 1430 180 100 410 710 1520 180 0 5 10 230 140 200 
06-26 1330 620 1700 780 4120 5000 2840 140 1300 250 1520 770 1290 
06-27 1330 900 1040 1200 3150 8820 2320 360 870 160 1180 750 1720 
06-28 1330 810 660 1120 2520 4560 1630 180 440 90 780 520 1180 
06-29 2100 3440 4480 2460 6800 16200 7890 3100 4440 760 2260 320 3320 
06-30 1400 1940 2120 2420 4460 11880 4120 660 i960 1490 1520 1500 2660 
07-01 1730 1500 1190 1780 3280 9240 2440 360 910 250 1050 890 1780 
07-02 1600 1200 810 1520 2820 8500 1800 190 680 180 830 620 1320 
07-03 2000 1360 1000 1630 3560 11580 3240 370 1330 240 900 800 1500 
07-04 1330 1320 990 1560 3160 9480 2940 290 710 200 830 740 1410 
07-05 1530 1140 690 1320 2480 8000 2000 180 470 120 670 540 1140 
07-06 1700 990 550 1210 2240 7680 1640 130 380 100 600 410 960 
07-07 1600 1220 700 1600 2640 13260 3640 410 570 210 840 760 1390 
07-08 1330 3850 5200 7000 9200 20500 11000 4500 9000 4800 3800 5100 5700 
Table D-1, Continued 
Plot Number 
Mo-Dav Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
07-09 2030 4800 5700 6600 8700 20500 7500 2100 7000 4500 4400 4000 5400 
07-10 1500 2800 3100 3750 5700 16500 4500 900 2700 1550 2400 2100 4000 
07-11 1430 2550 1900 2600 4500 14400 3150 400 1440 600 1600 1350 2700 
07-12 1430 2100 1320 1920 3400 11100 2480 260 920 290 1120 1000 2150 
07-13 1130 1700 1000 1750 3200 10000 2050 200 1050 260 1400 750 2300 
07-14 1300 1300 780 1450 2870 8600 1700 150 550 150 900 550 1600 
07-15 1530 1050 510 1320 2360 7320 1360 100 440 120 840 440 1200 
07-16 1430 1000 480 1060 2080 6200 1200 190 400 120 680 600 1040 
07-17 1630 840 440 1040 1920 5420 1120 160 880 90 1000 420 2200 
07-18 1300 860 400 1080 1880 5400 840 180 440 60 440 360 1400 
07-19 1130 840 840 880 4800 4920 6300 120 300 60 600 380 1160 
07-21 1730 1160 600 1120 1800 4320 1000 40 180 30 500 360 1040 
07-21 2000 940 1540 1860 
07-21 2200 6300 5400 6700 
07-22 1200 7500 5200 6400 
07-22 0900 1450 1400 2500 
07-22 1430 1000 440 1040 1600 3800 840 170 880 30 1240 880 2080 
07-23 1130 840 440 1000 1500 3450 700 180 675 80 780 580 1450 
07-24 1430 740 390 860 1320 3180 520 60 360 50 640 400 1200 
07-25 1400 640 360 820 1160 2500 310 30 230 40 520 360 980 
07-26 1600 580 300 740 1050 2000 300 20 5800 30 4650 300 5500 
07-27 1800 3120 3300 3600 4860 9600 4080 720 3660 2160 2120 2520 3840 
Table D-1. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
07-28 1300 2280 i960 1070 4680 8760 2220 440 1860 650 1520 1640 3000 
07-29 1400 1680 1240 2440 3I6O 6840 2000 250 1800 320 1260 1000 2440 
07-30 1300 1550 900 1950 2900 6600 1620 225 9360 200 5900 800 10000 
07-30 1500 5300 4000 5200 
07-30 1700 3700 2700 4600 
07-31 1530 1280 820 1640 2400 5700 1240 150 840 170 1360 700 i960 
08-01 0830 1200 1760 5400 Began Irrigation at 8:15 a.m. 
08-01 1000 1200 1900 6240 
08-01 1130 1360 4200 6700 
08-01 2300 3100 700 4600 2250 8300 1000 80 500 80 900 600 1650 
08-02 0930 1920 2000 2120 4400 5280 3720 
08-02 1930 1720 1240 1880 2960 5040 I860 240 280 100 680 1080 1500 
08-03 O83O 300 140 500 
08-03 1930 1280 720 1400 1800 4200 1080 140 640 100 670 800 1200 
08-04 0800 2840 1950 2800 
08-04 2000 1200 480 1400 1680 3120 840 120 960 80 1100 600 1900 
08-05 2030 1000 480 1120 1520 2700 420 50 400 70 920 450 1800 
08-07 1430 780 340 1000 1200 1480 280 40 140 50 520 400 1260 
08-08 1330 600 280 950 1000 900 240 0 90 30 500 350 850 
08-09 0900 1000 640 1200 1640 2400 600 300 1720 90 1700 760 2800 
08-10 1400 880 500 1200 1300 1800 520 100 320 60 800 560 1800 
08-11 I3OQ 820 420 1120 1250 1200 420 40 200 50 670 500 1280 
Table D-1, Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 6 7 8 9 10 11 12 
08-12 0800 I860 2760 3360 
08-12 1130 1880 440 2280 1280 3000 300 30 160 30 680 500 1280 
08-13 0800 1360 1280 1640 2800 1600 1840 110 2720 40 2400 760 3600 
08-14 0800 160 90 740 
08-14 1300 1000 1520 1260 1460 840 600 100 360 70 720 600 I68O 
08-15 0900 840 920 1200 1240 600 400 40 160 40 640 480 1160 
08-16 O83O 760 400 1080 940 480 240 40 640 30 1140 460 1720 
08-17 1700 540 290 820 800 180 100 0 60 20 580 390 1050 
08-18 1400 390 260 780 670 160 80 0 30 10 480 360 700 
08-19 0800 500 200 780 640 170 70 60 2060 10 2060 360 2660 
08-20 1330 1180 2880 1500 4840 1140 4880 2000 4680 1200 2800 3200 3250 
08-21 1430 1220 920 1760 2600 1520 1520 320 760 190 1120 960 2150 
08-22 1430 1080 640 1600 2060 1160 880 90 350 120 960 760 1520 
08-23 1130 880 520 1320 1560 800 640 60 180 80 700 590 1240 
08-24 1300 800 400 1260 1400 600 400 100 1400 50 1500 500 2400 
08-25 1530 680 320 1080 1140 320 240 20 200 40 750 400 1360 
08-26 1400 600 280 1040 1000 190 160 10 100 20 600 400 990 
08-27 0900 500 260 840 800 150 130 120 260 80 480 600 900 
08-28 0900 1150 220 1700 760 1750 80 60 600 50 1400 450 1600 
08-29 0800 990 720 1240 1700 790 960 10 200 30 720 500 1320 
08-30 0900 720 330 1020 960 240 270 5 60 20 640 400 1000 
09-01 I83O 450 200 680 480 20 10 0 10 10 400 300 820 
Table D-1, Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
09-02 0730 1760 I860 2480 
09-02 1130 450 180 720 450 120 20 20 1040 20 1280 280 1860 
09-03 1100 440 160 680 400 80 10 10 100 20 600 260 1040 
09-04 1400 400 140 620 340 40 0 10 70 20 360 400 800 
09-06 0800 340 120 530 260 30 0 0 10 10 340 240 560 
09-07 2000 2200 2700 4400 4100 3700 2500 800 2250 1400 2300 2750 2750 
09-08 1400 1700 1600 3250 3100 2800 1500 350 1150 500 1500 1700 2000 
09-09 1500 1350 900 2350 2300 1900 850 170 600 250 1100 1150 475 
09-10 1500 1100 600 I85O 1950 1300 650 100 400 120 750 900 1250 
09-11 0800 1050 550 1800 1800 1600 700 400 2700 150 2100 950 2950 
09-12 1600 920 520 1800 1720 1080 560 140 520 120 1000 920 1500 
09-13 1030 820 460 1540 1520 880 480 90 350 90 840 800 1230 
09-14 1300 5400 11500 12500 11000 
09-14 1700 4320 6300 12800 8400 14400 8460 5880 13000 15960 6600 6120 5760 
09-15 1630 2800 2300 4200 5400 9700 3400 800 3000 2750 2000 2400 3200 
09-17 1500 1550 850 2350 2800 6450 1750 250 850 250 1000 1200 1800 
09-19 1930 950 450 1700 2000 4600 800 100 400 120 650 800 1250 
09-20 0800 1360 1100 I860 
09-22 1500 700 300 1250 1450 3300 650 80 350 80 650 600 1200 
09-24 1500 600 250 1000 1100 2300 400 20 200 40 500 500 900 
09-27 2030 1560 160 3000 880 2460 120 20 120 20 38O 480 680 
09-28 1700 1040 260 1400 880 1900 130 20 140 20 44-0 780 920 
Table D-1. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
09-29 1530 920 800 1260 2060 1200 1120 20 40 20 440 680 840 
09-30 O83O 780 420 1200 1750 1000 600 100 1800 15 1400 550 2350 
10-01 1600 650 310 1080 1280 640 320 10 640 10 1040 430 1650 
10-02 0900 500 200 900 780 320 160 10 150 10 680 400 950 
10-03 1730 440 160 760 700 120 90 10 40 20 480 360 740 
10-07 1630 460 100 720 660 150 5 5 10 10 300 360 560 
10-08 1030 460 90 700 640 180 30 40 1680 20 1560 360 2250 
10-09 O83O 440 70 660 620 130 20 1600 800 900 950 2000 1400 
10-10 1030 600 1200 580 2650 150 1900 80 300 80 600 750 920 
10-11 O83O 1800 500 2000 1320 2300 520 40 250 40 600 650 1040 
10-13 1400 1950 1150 2200 2350 3900 1550 350 1050 100 1100 1300 I850 
10-15 1530 1150 480 1600 1600 3600 900 160 400 80 700 780 1200 
10-18 0930 880 350 1400 1490 3080 600 120 260 40 520 620 960 
10-21 0930 1280 500 I85O 1920 5400 I38O 350 600 80 800 850 1320 
10-22 1600 1200 440 1650 I58O 438O 520 160 380 50 680 760 1160 
10-23 1900 1100 400 1500 1480 4100 450 100 5800 80 3400 800 5500 
10-24 1630 1000 600 1480 2440 3720 1440 160 880 80 960 720 1600 
10-27 1100 800 400 1320 1500 2600 650 60 350 40 550 600 1000 
10-28 1300 760 380 1250 1300 2450 550 40 300 30 500 550 850 
10-29 1300 720 360 1200 1100 2300 460 30 260 20 440 480 800 
10-30 1100 660 320 1160 1050 2200 400 20 220 20 400 440 760 
10-31 1000 680 350 1400 1200 3000 700 200 400 250 700 800 1000 
Table D-2. Measured tile drainage volumes for 1970 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
04-11 1000 460^ 180 940 810 940 260 50 100 40 340 360 430 
05-02 0900 280 70 740 420 60 10 5 5 10 260 220 300 
05-12 0900 240 30 550 220 0 0 0 0 5 220 140 240 
05-13 0800 7000 7500 9600 6200 8400 6700 4600 8900 8700 7200 6500 5100 
05-14 1100 8200 7200 10400 9000 14500 10800 5200 12600 13000 7200 6200 8200 
05-16 1330 2700 2100 3650 3600 6000 2900 500 2350 620 1500 1650 2800 
05-19 1600 1200 700 2100 2150 5950 1400 180 450 130 650 600 1100 
05-20 0800 1300 1970 2060 3820 5700 2520 210 390 140 650 800 1060 
05-21 1100 3400 750 9400 2050 12000 1450 150 340 80 530 550 880 
05-22 1600 1220 520 1600 1650 4650 1100 110 250 50 500 500 750 
05-23 1700 5000 16000 18000 15000 24000 20000 18000 24000 8500 24000 12000 16000 
05-25 1200 2300 2000 3700 3600 7800 2650 500 1500 600 1550 1700 2400 
05-27 1800 1300 800 2340 2520 6240 1400 440 630 160 800 720 1170 
05-28 1000 1040 640 i960 2460 5580 1200 180 460 120 680 700 920 
05-29 1100 800 500 1650 1800 5100 950 4200 450 1800 600 4500 850 
05-30 1100 700 450 1550 1500 4600 800 1750 400 650 500 3200 640 
05-31 1600 560 350 1350 1400 4100 700 150 350 60 450 600 540 
06-01 0800 570 350 1300 1250 4000 600 150 850 50 1100 550 1350 
^Central Daylight Time (GDT). 
^All volumes in ml/min; 1 ml/min = O.38 gpd = 2.55x10" inch/day of drainage assuming all 
drainage originated from the plot area. 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
06-02 1600 540 300 1200 1150 3800 500 50 580 30 750 450 980 
06-03 0900 780 280 1440 1080 3990 480 80 390 30 650 440 640 
06-04 0900 480 200 1150 950 3250 400 60 240 30 450 350 500 
1100 1550 6500 6800 
1300 1400 3050 5350 
1500 1250 2050 4200 
06-05 O83O 660 220 1180 940 3040 320 60 230 30 440 340 480 
1030 440 1120 1580 
1230 4460 5010 8580 
1430 378O 3800 6720 
1630 1600 2600 2950 
O6-O6 O83O 600 440 1100 1200 2760 740 20 170 30 400 400 520 
06-07 1000 420 200 1080 1000 1920 360 20 120 20 400 300 400 
06-08 O83O 350 160 880 800 1560 220 15 80 20 360 240 360 
1100 380 960 1840 80 350 310 
1300 340 960 1600 120 360 360 
1500 350 960 1520 2640 560 1980 
1700 4000 2040 6000 
1900 1480 1280 2480 
06-09 1100 280 120 860 720 1240 170 10 280 20 500 210 560 
06-10 1000 260 100 780 700 900 160 10 240 20 440 160 390 
1200 360 1600 2240 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
06-10 1400 300 1200 1440 
1600 280 1010 1280 
06-11 1000 240 100 840 580 720 50 15 70 15 360 200 260 
1200 15 15 180 
1600 1400 300 2600 940 2820 270 200 800 30 1100 640 1540 
06-12 0900 800 200 1240 720 2320 200 70 270 30 640 340 700 
06-13 O83O 480 160 950 660 1760 160 20 120 20 420 280 460 
1030 3120 20 4800 
1230 4320 1600 7380 
1430 800 160 2200 
1630 250 30 1260 
06-14 1630 400 120 880 580 1100 120 60 160 30 400 380 400 
06-15 0830 320 100 800 550 750 70 30 150 20 360 300 300 
1030 440 1760 1280 
1230 360 1180 1200 
06-16 1330 1320 120 2080 520 2480 30 20 80 15 360 210 320 
06-17 0930 480 70 920 480 1760 20 10 60 15 320 200 280 
1130 1840 5760 3160 
1400 1400 2200 2400 
1530 1200 I68O 2000 
06-18 0900 520 240 840 420 1000 20 10 40 30 360 200 300 
Table D-2, Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
06-18 1100 40 360 360 
1300 3800 4740 4740 
1500 10980 6800 11400 
1700 3300 4040 3680 
06-19 1100 280 90 800 400 480 20 10 200 20 680 180 370 
06-22 1030 250 70 640 450 160 15 5 20 10 330 140 270 
1230 400 2280 1360 
1430 300 1200 800 
1700 280 1000 600 
06-23 2100 300 40 820 420 620 5 5 15 10 300 120 200 
06-24 1000 240 40 620 330 310 5 5 15 10 270 110 200 
1200 1070 3660 1900 
1400 880 1540 1320 
06-24 1600 720 1200 1060 
06-25 0900 5 10 100 
1100 260 40 350 200 370 5 5 10 10 250 110 200 
1300 5 10 10 260 110 200 
1500 5 768O 10 4560 110 7000 
1700 2900 3200 3400 
1900 1300 1600 1950 
06-27 1030 200 10 450 220 60 5 5 10 10 350 50 200 
Table D-2. Continued 
Plot Number 
Mo-Day Time®" 1 2 3 4 5 6 7 8 9 10 11 12 
06-27 1230 1200 10 800 
1430 200 10 400 
1630 40 10 160 
06-28 1900 120 5 400 160 30 5 5 10 5 240 50 80 
06-29 1000 110 5 360 100 30 5 5 5 5 210 30 40 
1200 120 460 30 
1400 120 400 30 
1500 5 200 40 
1600 110 400 30 
1700 5 220 40 
06-29 1900 920 1140 1480 
2100 78OO 4800 6060 
2300 12600 9600 13200 
06-30 1200 0 160 5 
1400 0 160 5 
1600 350 0 1720 600 30 5 5 120 5 600 30 180 
1800 80 1400 600 
2000 30 800 500 
07-01 0800 150 360 30 
1000 400 3400 1650 
1200 160 1120 640 
1400 130 0 750 240 360 5 5 10 5 360 5 50 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
07-02 1500 100 0 320 160 20 0 0 5 5 250 0 0 
07-04 1000 60 0 230 100 0 0 0 0 0 170 0 0 
07-06 0900 40 0 220 80 0 0 0 0 0 260 0 0 
1100 50 480 0 
07-07 1100 60 0 1520 70 620 0 0 0 0 140 0 0 
07-08 0700 20 0 200 70 0 0 0 0 0 160 0 0 
0900 20 0 5700 70 800 0 
1100 60 0 1160 80 520 0 
1300 60 400 660 750 300 3400 
1500 1200 1440 4000 
1700 400 500 1000 
07-09 O83O 0 0 0 
07-10 O83O 20 0 150 80 0 0 880 0 0 130 0 0 
1030 0 2400 0 
1330 0 9800 11200 11600 
1630 1250 2350 1600 
07-11 O83O 20 0 120 80 5 0 0 0 0 380 0 80 
1030 1560 0 0 
1330 0 0 0 
07-13 0830 0 0 70 50 0 0 0 0 0 120 0 0 
1130 0 200 0 
1600 0 100 0 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
07-15 0800 400 0 450 80 400 0 0 0 0 210 0 0 
1100 1600 3550 2900 
1500 600 850 850 
07-16 1600 20 0 160 50 0 0 0 0 0 100 0 0 
07-17 0900 0 0 80 30 0 0 0 0 0 80 0 0 
1200 1350 4250 1000 
1400 9550 11100 9100 
1700 1150 2700 1600 
O7-I8 1700 5 0 80 40 0 0 0 0 0 500 0 250 
07-20 0930 0 0 50 30 0 0 0 0 0 120 0 0 
1130 60 2280 1340 
1330 0 600 250 
1530 0 320 10 
07-21 0900 0 0 50 20 0 0 0 0 0 90 0 0 
07-22 O83O 0 0 50 20 0 0 0 0 0 60 0 0 
1030 1760 5700 3400 
1230 750 1200 1300 
1430 450 600 500 
07-23 0930 0 0 60 10 0 0 0 0 0 40 0 0 
07-24 1000 0 0 10 5 0 0 0 0 0 10 0 0 
1200 0 10 0 
1400 4300 2800 4100 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
07-24 1600 
1800 
3120 
550 
3280 
1220 
3200 
1160 
07-25 O83O 0 0 10 0 0 0 0 0 0 240 0 0 
07-26 1500 0 0 5 0 0 0 0 0 0 40 0 0 
07-27 0800 860 5 1940 10 1320 5 400 2200 20 3600 850 2600 
1200 570 0 720 5 720 0 0 800 5 1600 140 1410 
07-28 O83O 0 0 60 5 0 0 0 0 0 300 0 0 
1600 5900 1550 9400 1200 7100 900 5960 9600 2550 10500 9400 12100 
07-29 O83O 850 0 520 150 750 80 80 600 50 800 100 1050 
07-31 1100 150 0 140 60 10 0 0 10 0 200 0 200 
08-01 0900 130 0 120 50 0 0 0 0 0 180 0 160 
08-03 O83O 
1030 
1230 
1430 
1630 
30 0 60 20 0 0 0 0 
1320 
6700 
2900 
1170 
0 100 
1000 
6200 
4200 
1710 
0 0 
2200 
9500 
4400 
1720 
08-04 1100 8400 31000 21500 49500 17000 3950 10800 20500 5400 13200 34000 28000 
1600 2800 3000 3100 3000 3600 2200 2500 7300 1550 3250 2600 4600 
08-05 0800 1500 1350 1600 1400 1600 1550 850 2400 500 1700 1550 2500 
08-06 O83O 1040 560 1160 1000 1080 1200 360 960 260 920 800 1440 
08-07 1200 1650 1650 2100 4200 2800 3200 2900 4700 650 4600 4100 5300 
08-09 1300 1550 1700 2150 2050 3050 2650 700 1950 700 12*50 1850 2050 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
08-10 0830 1200 1230 1650 1700 2650 I850 500 1100 350 1000 1320 1600 
1030 3260 8700 6600 
1230 2050 3250 3800 
1500 1920 2540 3200 
08-11 1200 2900 800 5200 1200 5450 1300 250 600 200 800 900 1100 
08-12 0900 1100 600 1250 950 1600 1000 150 450 150 600 700 900 
1100 3000 5800 6600 
1330 1900 2350 3400 
I83O 1400 2000 2400 
08-13 0900 1120 520 1120 1000 2280 760 120 320 100 360 600 800 
08-14 0800 700 400 900 880 1650 630 100 180 70 340 480 620 
08-15 0800 560 320 760 800 1200 440 50 100 40 320 400 500 
08-17 0930 400 160 680 720 740 260 20 20 20 300 280 320 
1130 800 960 680 
1400 7900 6200 10500 
1600 5160 5400 5400 
08-18 O83O 2520 3360 3500 3250 5450 4200 2150 6400 2750 3100 3520 3900 
1.600 1900 2600 2550 2550 4300 3100 1200 3600 1600 1900 2600 2600 
08-19 1130 1440 1760 1740 2440 3480 2000 520 1540 540 1150 I68O 1800 
08-20 1100 960 1070 1300 1660 2900 1400 250 760 250 820 1050 1160 
1300 3000 1000 6300 
1500 1100 600 2400 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
08-20 1730 500 300 1550 
08-21 0830 800 860 700 1500 2540 750 240 600 200 720 1000 920 
08-22 0700 600 600 900 1100 2350 950 220 550 160 600 800 750 
0900 600 1100 950 3920 3000 8700 
1100 3720 5580 3600 1360 540 2000 
1300 10700 13200 14400 800 350 1500 
1500 8640 9960 9840 
1700 3600 4200 4400 
08-24 0900 440 740 1340 
1100 900 3300 4100 210 400 550 
1315 1320 1720 2440 4040 3680 800 
1530 720 1320 2120 11750 9900 11750 
1730 6600 6100 6000 
1930 720 450 810 2600 580 320 3000 90 2960 560 2840 
08-25 0900 560 400 800 1100 600 180 600 80 960 520 1060 
08-26 O83O 640 370 800 850 480 80 200 60 600 500 620 
1030 2540 6900 
1400 1400 2000 
1700 1100 1450 
08-27 1600 550 350 750 850 750 270 30 70 40 500 250 450 
08-28 1500 400 180 600 700 640 200 10 30 30 380 250 360 
08-31 0830 200 80 480 540 200 0 0 5 10 320 170 260 
Table D-2. Continued 
Plot Number 
Mo-Day Time^ 1 2 3 4 5 6 7 8 9 10 11 12 
08-31 1030 1500 600 2300 
1330 600 1400 1200 
1630 500 950 700 
09-01 0730 330 70 560 500 200 0 0 0 5 300 150 200 
0930 1800 2000 1260 
1130 6600 4800 8000 
1330 4200 4200 4200 
1530 860 3900 1940 2140 2500 2340 
09-02 0900 450 90 700 500 560 20 5 50 30 600 180 600 
1100 3450 8000 5000 
1600 1120 1480 1400 
09-03 0900 520 80 660 460 560 20 5 30 10 420 180 440 
09-04 0800 300 80 480 200 10 5 20 10 160 260 
1000 1320 20 1200 
1200 660 10 1680 
1400 20 10 800 
1600 10 600 
09-05 O83O 240 60 440 400 ISO 5 10 10 10 360 250 200 
1030 2300 550 550 
1500 4000 4380 4560 200 10 1180 
1800 3900 5100 3760 
/inuei 
1 
200 
520 
350 
4800 
1800 
550 
400 
1700 
6400 
2400 
1950 
1600 
1300 
900 
650 
3300 
2000 
800 
12 
180 
130 
1300 
7000 
1700 
6400 
2000 
800 
450 
2700 
7400 
2900 
2450 
2450 
1600 
1100 
900 
6600 
2700 
900 
Plot Number 
2 3 4 5 6 7 8 9 10 11 
180 360 550 100 130 5 0 0 280 250 
70 2000 500 1000 0 0 0 0 240 150 
700 550 1500 1500 
500 400 7400 6550 
1400 1700 
3900 9000 4500 6600 4200 2500 7100 500 6900 4500 
1050 1550 1450 1050 1150 750 900 100 1200 1100 
500 1200 1100 400 320 40 150 80 900 650 
350 800 960 250 200 20 80 40 640 350 
2300 3100 3250 2300 3200 1450 3100 500 2000 2100 
10200 12000 14000 12500 16000 6300 13000 19000 10500 7800 
3000 2600 3900 5500 4200 1200 2600 1500 1700 2600 
2800 2600 4000 6800 4400 900 2000 900 1600 2400 
2000 1900 2900 5700 3300 600 1400 550 1200 2200 
1500 1100 2400 5200 2500 450 860 860 1000 1350 
900 1150 1800 4800 1900 200 450 200 750 850 
900 1050 I850 5400 1900 160 250 70 700 750 
7600 9000 8100 13500 13200 5000 7200 2100 5900 8200 
3100 2400 2300 10200 5100 1480 3200 1440 2100 3000 
800 1150 1850 5700 1650 150 450 150 850 750 
134 
APPENDIX E 
Table E-1. Soil suction measurements for I969 
Plot Number 
Mo-Day T* 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
05-03 2000 36° 107 29 52 75 -22 44 68 51 142 75 45 
05-04 1800 62 111 30 71 72 -20 76 76 52 305 95 44 
05-05 0730 90 113 31 93 80 -19 04 -05 -30 10 -08 -21 
05-06 0800 22 103 34 32 69 -18 -12 31 30 04 03 -22 
05-07 1900 58 109 32 69 62 32 -05 44 31 68 47 -07 
05-09 2100 49 102 27 68 51 28 47 41 33 111 57 34 
05-10 2100 40 103 24 63 54 30 45 41 30 78 99 35 
05-12 2100 71 116 33 82 80 36 97 70 46 369 97 50 
05-13 2100 96 71 35 69 53 36 89 74 38 138 82 48 70 61 81 578 124 42 
05-14 2100 121 137 36 81 57 38 97 78 39 191 98 52 85 62 86 627 154 50 
05-15 2100 107 77 41 74 59 38 57 137 37 99 66 86 
05-18• 1900 52 105 38 49 38 23 67 53 34 50 49 37 54 47 33 63 53 —04 
05-20 1930 67 113 31 54 42 27 71 59 38 88 59 41 60 51 39 146 68 44 
05-21 2100 09 44 -07 14 15 -01 25 12 -36 -03 18 23 18 24 24 71 -03 -11 
05-23 1100 53 99 21 55 49 35 66 52 12 97 63 42 59 49 35 144 73 42 
05-27 1400 267 146 28 92 48 32 103 72 37 445 187 48 126 65 52 645 227 52 
05-28 1630 504 210 31 116 58 34 140 87 41 656 304 52 175 76 79 850 373 54 
^Central Daylight Time (CDT). 
^Depth in soil in inches, 
°Soil suction in millibars (mb). 
Table E-1. Continued 
Plot Number 
Mo-Day T» 
2 ? 4 10 11 12 
6» 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
05-29 1700 697 291 31 Irrigating 168 96 39 -10 34 10 214 87 83 34 05 08 
06-02 1500 broke 716 43 107 58 30 412 164 48 644 368 48 546 172 100 740 303 51 
06-02 2100 748 42 112 57 29 432 162 44 716 414 42 577 167 77 777 350 52 
06-03 1430 95 34 13 125 68 36 34 15 -21 broke 457 55 598 193 101 broke 428 67 
06-04 1330 177 105 21 147 79 39 65 47 -04 58 52 22 broke 212 101 65 54 19 
06-05 1500 302 276 25 201 99 46 80 56 39 364 203 32 733 256 101 342 141 39 
O6-O6 1500 501 432 27 286 125 46 124 72 42 570 355 38 broke 313 106 608 204 45 
06-07 1100 23 96 26 19 28 -05 32 29 -28 17 21 27 163 91 18 22 36 25 
06-08 2000 138 155 28 65 48 31 66 47 -04 247 197 33 269 147 30 141 87 39 
06-09 1500 190 198 27 89 60 38 81 57 34 307 244 41 323 186 35 201 99 46 
06-10 1400 284 269 29 130 176 414- 104 70 44 451 362 46 426 259 40 320 161 51 
06-11 1430 117 257 30 50 66 -04 39 72 -15 251 207 46 207 203 21 155 148 54 
06-12 1430 31 69 22 -04 04 -01 04 06 -37 14 20 34 6 16 11 30 -02 04 
06-13 1500 56 106 18 38 32 06 53 42 -11 95 77 27 35 59 20 78 55 32 
06-14 1500 57 120 20 15 35 19 67 81 32 16 73 15 50 62 40 
06-15 1400 94 136 27 55 47 24 72 57 -03 156 146 41 50 97 27 115 73 44 
06-I6 1400 165 171 27 82 52 27 87 66 37 297 274 42 75 146 34 244 113 48 
06-17 1700 282 242 31 134 71 31 157 89 38 490 432 47 33 56 19 443 221 50 
06-18 1600 339 3O8 32 173 85 33 224 111 38 652 571 52 72 81 27 606 316 62 
06-19 1300 574 388 37 225 112 39 361 154 41 108 97 33 
Table E-1, Continued 
Plot Number 
Mo-Day T* 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
06-20 1330 730 487 41 304 145 45 482 200 48 148 100 24 151 148 40 70 62 34 
06-21 1430 broke 550 44 376 176 49 562 249 50 200 169 32 209 232 43 141 84 39 
06-22 2000 - - - 650 50 31 153 -18 broke 3^2 08 5 24 38 63 286 51 17 39 27 
06-23 1630 —  —  —  —  —  —  12 292 215 56 — —  30 -21 102 143 39 264 281 48 70 81 44 
06-24 1400 Filled 350 231 62 Filled 157 195 41 293 326 51 103 99 50 
06-25 1430 43 97 19 357 185 65 68 45 20 -03 179 46 333 387 44 162 106 48 
06-26 1530 0 52 -01 05 12 -36 04 14 -40 -10 -10 34 06 06 00 08 -04 -01 
06-27 1330 33 86 11 32 36 -14 48 36 -17 67 61 21 35 59 16 68 65 28 
06-28 1330 59 109 20 54 41 10 69 50 -04 141 140 33 76 88 26 150 85 35 
06-29 2100 00 44 -24 00 08 -29 12 04 —40 -15 -02 18 10 13 04 10 01 -01 
06-30 1400 24 82 02 26 24 -08 46 34 -20 24 34 20 27 35 18 45 48 24 
07-01 1730 71 120 17 63 30 18 61 50 -06 166 152 32 62 55 27 182 93 36 
07-02 1600 84 143 22 73 36 23 71 60 18 196 157 37 81 64 33 234 110 41 
07-03 2000 13 89 18 08 03 -35 28 20 -22 02 09 30 20 17 14 18 25 14 
07-04 1330 27 111 17 28 25 -06 52 39 -10 53 46 30 35 43 19 70 64 33 
07-05 1530 56 129 21 48 36 19 68 50 04 136 92 36 76 56 29 160 86 38 
07-06 1700 66 134 26 3 37 03 69 58 28 149 85 40 96 62 31 86 69 40 
07-07 1600 08 85 24 -02 00 -40 08 12 -32 -4 7 24 9 6 12 04 01 00 
07-08 1330 06 71 -24 -02 00 -36 06 10 -29 -5 5 18 9 14 06 07 02 02 
07-09 2030 16 12 -14 28 14 -26 26 24 -24 20 24 09 21 26 11 35 38 12 
Table E-1. Continued 
Plot Number 
Mo-Day T* 
2 ? 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
07-10 1500 30 102 -04 27 27 00 48 36 -11 56 41 22 46 43 21 83 54 21 
07-11 1430 40 126 06 48 35 17 64 45 -05 107 65 31 95 56 27 164 91 27 
07-12 1300 55 142 15 61 42 72 81 56 17 188 94 37 170 76 36 304 138 33 
07-13 1130 88 148 22 74 48 25 104 66 24 10 11 22 295 106 39 22 27 -10 
07-14 1300 118 225 25 107 61 29 159 85 30 73 58 30 533 219 43 177 91 00 
07-15 1530 168 330 29 140 79 35 236 110 34 148 106 38 broke 404 50 404 317 29 
07-16 1430 213 400 32 169 93 41 309 131 38 242 154 45 — 60 22 572 293 46 
07-17 1630 98 316 37 112 101 47 ',310 123 40 —14 5 25 98 79 31 -04 04 12 
07-18 1300 291 372 36 198 113 50 372 148 50 38 28 28 145 85 37 28 33 34 
07-19 1500 -06 04 -02 207 122 52 -03 01 -34 98 56 34 234 100 42 82 57 34 
07-21 1700 43 116 17 40 35 15 113 47 26 677 362 69 718 228 49 404 231 43 
07-22 1430 51 124 22 54 40 22 46 56 29 03 06 23 broke 70 26 30 18 00 
07-23 1130 12 102 22 16 38 -30 147 64 09 -1 14 29 17 20 19 12 17 12 
07-24 1430 50 141 24 60 45 22 314 73 34 133 84 38 72 76 27 74 58 06 
07-25 1400 78 160 20 81 52 27 332 91 41 210 124 45 144 84 37 112 67 30 
07-26 1530 130 196 71 102 55 -01 220 102 -01 -12 -08 -04 80 54 28 -3 -12 -44 
07-27 1800 36 102 -04 24 26 -04 41 33 -08 82 64 12 46 38 20 93 37 -14 
07-28 1300 61 114 08 43 33 18 54 41 -02 175 93 26 64 47 29 155 56 -03 
07-29 1400 108 121 13 70 40 23 72 49 22 342 160 34 91 64 34 296 81 01 
07-30 1300 160 137 18 109 46 27 86 57 26 -05 -07 -04 118 78 38 -06 -18 -52 
Table E-!U Continued 
Plot Number 
Mo-Day 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
07-31 1530 230 167 20 160 54 28 104 64 29 92 48 17 157 104 41 124 40 -14 
08-01 1600 295 208 23 2 -10 -09 136 78 32 234 124 21 275 146 42 206 71 -05 
08-02 1930 51 97 08 36 29 18 46 27 -11 500 271 32 273 182 68 421 129 08 
08-03 1930 113 127 18 76 39 21 76 42 00 591 418 50 49 48 21 579 190 31 
08-04 2000 145 138 22 122 45 28 92 53 31 74 32 08 86 62 30 94 33 -18 
08-05 2030 235 174 32 192 56 28 127 70 34 241 135 22 128 81 38 212 72 -04 
08-06 2100 370 248 32 306 71 29 204 94 36 422 261 36 240 127 40 398 122 00 
08-07 1430 380 261 22 344 78 27 244 101 34 455 247 45 334 165 40 443 136 22 
08-08 1300 453 294 23 424 98 33 305 137 37 Irrigating 450 253 44 Irrigating 
08-09 1630 165 152 11 50 28 00 88 40 -03 136 37 08 107 89 19 162 42 00 
08-10 1400 268 173 18 106 39 23 121 59 26 257 121 21 190 124 30 220 76 04 
08-11 2000 268 156 19 129 45 24 114 69 32 broke 149 16 261 151 34 271 70 22 
08-12 1130 526 268 19 09 09 -02 218 110 37 638 286 37 524 404 38 511 141 26 
08-14 1300 150 141 16 130 42 23 98 50 06 98 86 17 74 50 26 158 80 -02 
08-15 O83O 133 136 22 143 51 29 98 62 35 329 137 20 123 73 34 248 86 08 
08-16 0900 197 146 24 172 53 28 123 71 36 -10 04 -05 169 86 35 14 15 -17 
08-17 1700 528 296 28 332 80 32 360 143 41 259 132 09 427 244 39 242 83 -03 
08-18 1400 565 324 27 378 94 35 397 172 42 326 146 14 514 3O8 45 269 99 -01 
08-19 0800 650 352 30 429 108 39 502 223 44 -14 -12 -24 640 440 79 -06 -04 -30 
08-20 1330 — — —  75 -27 51 00 -10 12 04 -08 -12 -12 -34 50 16 19 10. 02 -10 
Table E-1, Continued 
Plot Number 
Mo-Day T» 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
08-21 1300 — — — 90 10 33 28 14 67 31 -01 42 13 03 71 49 29 87 42 03 
08-22 1430 108 132 16 59 38 18 103 45 24 198 87 14 153 66 36 211 71 13 
08-23 1130 113 130 21 77 45 25 108 57 31 264 96 17 186 79 39 255 75 19 
08—24 1300 235 172 23 118 53 28 185 77 34 -10 08 -18 343 137 42 22 10 -26 
08-25 1530 395 243 25 174 65 29 324 117 36 154 56 11 567 280 64 185 55 -10 
08-26 1400 474 269 27 220 75 33 387 157 39 243 100 15 broke 399 87 256 76 -02 
08-27 0900 570 266 28 259 87 34 452 207 41 360 118 30 43 30 17 348 80 04 
08-28 0900 646 372 28 16 15 —04 596 3I8 42 1 6 -06 138 46 30 12 14 -13 
08-29 0800 14 91 04 42 28 14 13 16 -09 128 55 07 187 73 34 124 43 -08 
08-30 0900 62 120 14 83 30 20 78 38 00 474 145 20 341 117 39 423 78 —04 
09-01 I83O 64 165 20 86 — — —  30 111 61 05 272 30 500 319 76 340 140 24 
09-02 1130 73 158 23 103 — — 32 100 62 36 01 -22 broke 278 90 12 11 -19 
09-03 1100 123 186 27 114 64 37 121 77 42 34 28 05 Irrigating 75 25 -10 
09-04 1400 201 227 26 149 72 38 162 102 42 82 76 06 17 27 27 170 47 -04 
09-06 0800 276 266 28 196 87 41 180 144 46 230 116 15 72 46 36 251 69 20 
09-08 1400 46 126 09 46 20 17 79 38 00 172 87 05 113 53 30 157 45 14 
09-09 1500 104 148 16 74 38 22 97 52 29 310 151 14 173 78 35 218 55 17 
09-10 1500 132 148 21 98 46 28 99 61 33 400 188 17 200 84 41 247 66 20 
09-11 0800 15 96 14 13 15 -04 29 27 -05 02 -02 -34 28 34 24 09 06 -27 
09-12 1600 76 148 19 46 32 22 70 41 29 103 60 04 113 72 32 90 38 -10 
Table E-1. Continued 
Plot Number 
Mo-Day •f-
2 ? 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
09-13 1030 80 135 18 60 38 22 70 49 29 115 67 05 115 67 33 80 41 -05 
09-14 1700 12 82 -24 06 -04 -18 12 13 -15 -06 -04 -45 30 22 20 35 18 -05 
09-15 1630 31 102 01 31 25 -02 33 28 -04 46 25 -05 65 47 28 56 23 -01 
09-17 1500 55 130 18 61 37 20 53 39 19 233 90 09 121 69 35 105 37 13 
09-19 1930 80 164 24 110 46 45 75 70 28 393 235 22 220 117 65 194 82 29 
09-22 1500 138 208 30 142 52 06 108 88 37 128 90 13 302 55 80 92 53 -05 
09-24 1500 164 249 28 210 71 38 119 85 37 227 122 15 331 125 90 113 55 06 
09-27 1300 184 244 34 217 87 41 156 116 40 390 177 22 64 36 28 196 78 14 
Table E-2. Soil suction measurements for 1970 
Plot Number 
Mo-Day T* 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
05-0? 1700 93° 48 25 85 61 34 85 68 43 92 61 42 91 53 33 101 63 36 
05-12 0900 20 15 -22 20 15 26 21 25 -23 26 13 30 23 08 -34 20 18 -15 
05-13 0800 10 02 -32 07 -6 -05 02 12 -34 22 -02 -19 14 -10 -40 14 17 -17 
05-14 1100 05 -06 -35 08 -09 -18 00 6 -33 12 -04 -22 06 -06 -36 10 06 -19 
05-16 1330 32 32 07 38 30 12 46 39 23 43 25 20 45 29 -02 42 37 17 
05-18 1530 66 42 33 14 02 14 89 59 33 72 50 22 95 39 29 97 51 33 
05-20 0800 10 -04 -33 30 23 12 -04 09 25 80 48 18 101 41 32 111 52 26 
05-21 0800 32 17 -03 28 22 10 43 32 15 105 57 18 131 45 33 143 61 26 
05-22 1600 61 31 12 39 27 06 69 43 22 145 74 16 227 56 25 219 77 25 
05-23 1700 08 11 -12 06 02 -16 -03 14 -29 -02 -08 -34 08 -02 -33 04 -02 —24 
05-25 1200 46 29 06 55 33 21 53 37 16 48 23 10 65 26 -12 53 33 12 
05-27 1800 147 42 32 175 46 19 113 59 24 83 47 13 178 40 22 139 50 25 
05-28 1000 175 46 33 178 49 20 122 68 27 96 49 24 175 47 25 166 56 27 
05-29 1100 239 55 30 231 59 25 117 87 14 130 58 20 -04 -10 -43 246 71 17 
05-30 1100 276 62 32 257 67 26 174 103 28 162 68 20 -04 06 -50 290 46 22 
05-31 1600 322 59 10 274 80 38 200 120 30 174 78 22 34 16 -20 346 100 20 
06-02 1600 300 63 14 214 82 20 188 115 30 32 27 08 46 27 05 44 28 11 
^Central Daylight Time (GDT). 
^Depth in soil in inches, 
°Soil suction in millibars (rab). 
Table E-2. Continued 
Plot Number 
Mo-Day T* 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
06-03 0900 174 91 22 31 16 14 170 146 35 48 23 18 52 20 -13 50 30 14 
06-04 1000 363 105 40 Irrigating 311 190 37 75 35 27 88 27 -03 91 40 19 
06-05 0800 381 120 49 29 27 19 401 232 40 98 39 23 133 38 0 140 48 27 
O6-O6 0900 30 20 -04 93 /I4 23 48 33 16 152 55 36 2# 52 23 244 64 31 
06-07 1000 78 31 11 189 52 21 140 49 21 273 65 24 433 66 26 491 90 26 
06-08 1000 150 41 24 02 -04 26 246 70 24 382 84 22 658 90 27 710 123 25 
06-09 1600 472 58 27 58 52 21 500 134 24 119 21 09 broke 159 26 110 32 12 
06-10 1000 543 73 27 173 93 24 555 184 25 110 34 13 broke 176 27 132 42 16 
06-11 1030 475 89 02 28 36 12 308 208 22 151 46 16 broke 228 08 265 63 21 
06-12 0900 59 31 06 15 22 11 115 54 19 41 18 09 100 22 -18 32 30 14 
06-13 1230 150 52 15 99 44 05 292 80 24 118 39 15 70 -20 -39 109 42 18 
06-l4 1630 300 97 31 317 74 20 556 139 27 241 144 14 89 33 -08 270 70 23 
06-15 1700 462 174 32 67 13 18 600 230 28 402 53 14 234 48 01 482 108 25 
06-16 1300 112 79 -04 07 -04 02 140 87 16 69 22 15 54 08 -04 72 67 25 
06-17 0930 81 104 12 Irrigating 340 134 32 112 46 22 119 30 03 152 99 24 
06-18 0800 222 167 19 32 25 09 450 201 32 221 59 21 220 43 11 274 131 25 
06-19 1100 broke 305 42 118 49 10 550 323 38 58 14 15 356 69 16 32 26 17 
06-22 1100 180 51 21 Irrigating 110 56 24 118 29 25 348 126 15 74 44 22 
06-23 2100 200 136 28 66 37 10 154 95 37 3I8 45 37 522 254 29 196 80 24 
06-24 1000 300 129 29 Irrigating 225 91 27 342 44 21 545 262 31 198 87 25 
Table B-2. Continued 
Plot Number 
Mo-Day T* 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
06-25 1330 365 321 38 269 75 14 320 149 30 454 62 22 82 -04 06 342 150 26 
06-27 1630 600 590 41 536 252 25 395 321 36 181 28 28 52 10 -06 114 57 26 
06-28 
0
 
0
 broke 638 39 690 488 28 687 508 38 438 44 11 64 38 05 146 105 16 
06-29 1630 broke 686 44 250 76 15 broke 530 41 Irrigating 130 65 16 Irrigating 
06-30 I83O broke broke -18 97 51 09 118 170 19 140 05 04 214 162 19 33 46 10 
07-01 1600 450 290 10 66 45 05 274 31 08 140 170 19 314 298 22 75 72 15 
07-02 1500 130 205 20 194 122 13 248 101 23 489 50 10 411 436 16 116 104 16 
07-04 1000 323 354 34 296 167 23 220 132 29 636 72 14 520 575 20 235 166 16 
07-06 1200 498 573 50 12 07 34 350 292 39 153 25 08 broke 31 42 39 15 
07-07 O83O 565 626 55 Irrigating 345 285 38 178 33 16 broke 33 66 56 16 
07-08 0730 broke 619 64 Irrigating 395 375 47 252 42 12 broke 30 98 72 16 
07-09 0900 300 81 14 34 41 18 37 22 15 434 59 78 broke 40 162 107 19 
07-10 1030 90 68 30 76 67 32 72 48 13 Irrigating 08 05 -16 Irrigating 
07-11 0800 116 100 34 119 95 37 90 58 22 66 14 17 56 64 07 14 20 13 
07-13 O83O 219 350 56 453 320 63 129 121 24 495 45 16 64 68 20 92 83 12 
07-16 1600 124 186 96 78 50 12 116 113 24 400 58 16 91 109 25 228 93 16 
07-17 0900 149 226 113 73 54 19 97 110 25 510 73 71 94 88 25 214 99 17 
07-18 1200 53 I89 94 33 24 25 26 28 28 105 -03 03 30 55 25 35 27 16 
07-20 0900 105 228 134 48 40 26 62 69 25 69 77 -23 51 66 26 50 39 12 
07-21 0900 208 250 111 Irrigating 84 112 26 242 42 32 78 79 32 88 S7 16 
Table S-2. Continued 
Plot Number 
Mo-Day T^ 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
07-22 O83O 199 334 222 18 16 08 108 160 40 215 53 32 112 103 37 158 79 19 
07-23 0900 248 387 242 22 17 05 128 212 42 415 75 34 157 123 38 327 110 17 
07-24 0930 390 312 broke 58 44 28 147 256 45 510 110 30 22 74 -08 broke 163 18 
07-25 0830 362 464 332 109 71 22 174 332 49 100 03 16 40 47 17 101 28 08 
07-26 1500 498 489 425 237 135 42 217 264 54 204 46 13 56 52 18 267 104 13 
07-27 0800 153 80 47 50 00 16 35 134 24 74 -12 03 34 41 13 32 16 -02 
07-28 0830 139 56 100 55 30 36 58 136 35 107 26 05 47 58 17 81 49 19 
07-29 0830 80 29 12 43 15 -O6 48 123 22 79 09 03 40 48 13 50 34 05 
07-31 1100 67 23 15 87 41 70 130 25 160 42 20 68 53 27 147 79 08 
08-01 0900 92 42 50 120 58 50 95 98 25 248 60 26 92 65 28 238 103 17 
08-03 0800 161 92 110 238 107 72 141 113 28 403 113 33 136 65 36 585 180 30 
08-05 0830 48 21 
-39 62 11 -03 64 63 26 54 -04 -29 48 49 10 46 37 02 
08-06 0900 53 44 17 70 21 03 62 64 28 59 15 15 50 49 19 51 49 11 
08-09 1300 43 20 -31 60 18 -07 61 54 28 52 66 -38 48 43 20 45 43 25 
08-10 0900 48 22 -27 Irrigating 68 78 28 71 34 20 52 50 30 50 50 16 
08-11 0900 60 46 -01 41 02 -12 78 78 30 103 36 39 73 51 30 70 53 07 
08-12 0900 45 46 13 02 21 00 86 79 04 42 56 53 68 58 34 46 63 20 
08-13 0900 40 116 11 46 23 -09 97 81 36 190 51 55 80 60 39 105 70 13 
08-14 0800 83 110 28 54 37 06 132 84 36 260 80 60 107 64 41 100 194 21 
08-15 0800 110 108 45 62 47 16 154 86 36 336 104 63 130 66 42 94 362 32 
Table E-2. Continued 
Plot Number 
Mo-Day T* 
2 ? 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
08-17 0930 246 115 68 68 60 21 189 91 42 459 112 56 177 58 51 564 109 33 
08-18 0830 30 74 -38 37 13 -19 50 90 12 168 11 45 56 24 50 -04 45 04 
08-19 1130 26 -29 36 34 -16 56 36 27 36 29 38 59 22 51 02 52 11 
08-20 1100 67 — —  -24 52 46 -08 100 38 35 84 59 30 78 26 31 46 60 14 
08-21 0830 140 — 39 47 55 17 136 85 40 163 88 57 52 29 38 119 64 29 
08-22 1100 202 —  — —  01 61 61 17 162 40 41 203 89 46 38 18 29 204 73 34 
08-24 1100 26 -36 20 68 12 50 48 35 317 100 29 51 9 32 366 66 21 
08-25 0830 76 38 24 16 26 10 66 35 24 25 -18 16 46 22 16 10 13 09 
08-26 0830 79 40 31 10 21 09 78 45 29 83 02 50 68 26 25 59 33 21 
08-28 1500 96 54 56 21 23 -01 129 52 27 215 22 99 164 34 17 84 42 14 
08-29 0830 97 53 54 28 27 03 134 50 28 166 38 19 85 42 16 
08-31 0830 138 76 47 50 35 14 180 74 34 421 42 214 273 53 22 99 51 24 
09-01 1000 142 78 47 20 21 04 200 75 34 Irrigating 328 56 19 Irrigating 
09-02 0830 160 83 50 11 14 04 220 89 34 55 -12 — —  366 66 19 19 12 09 
09-03 0900 175 89 51 09 12 -06 232 95 35 95 3 — — —  383 69 19 30 20 11 
09-04 0830 220 112 55 20 20 08 262 108 38 143 51 Irrigating 49 27 22 
09-05 0830 260 111 58 27 26 10 290 119 41 216 70 —  — —  94 33 09 56 33 19 
09-07 1300 72 58 43 44 28 02 87 43 20 297 72 - - - 94 34 11 69 38 25 
09-10 0900 86 65 56 10 09 -07 82 56 16 82 -8 54 46 31 06 76 16 30 
09-11 1300 26 32 20 16 18 08 66 30 18 75 12 22 42 18 13 38 28 19 
Table E-2, Continued 
Plot Number 
Mo-Day T» 
2 3 4 10 11 12 
6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
09-12 0900 06 14 05 03 02 00 17 10 08 21 -02 06 10 01 -05 30 08 18 
09-15 1600 03 03 -22 -10 -22 -46 13 03 -14 17 -14 -22 07 03 03 21 05 01 
09-17 0900 02 09 02 -02 -12 -21 09 05 07 13 -15 15 07 04 08 25 05 12 
09-18 1200 15 25 12 15 10 -10 27 27 14 25 3 28 17 11 14 32 22 18 
09-21 1200 07 25 11 03 07 -12 13 10 21 18 -12 19 12 12 05 33 12 23 
09-26 O83O 15 21 11 07 06 -23 19 17 07 26 -4 27 18 08 08 42 14 20 
09-30 1400 38 42 35 43 33 -08 84 40 29 162 13 29 52 24 18 78 36 27 
10-03 O83O 68 49 38 75 39 17 99 47 32 283 28 32 84 29 21 55 09 28 
10-10 0800 18 32 15 08 07 -11 24 19 05 50 -08 18 24 08 -02 67 16 -33 
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APPENDIX F 
Table P-1. Monthly amounts of tile drainage from each plot assuming all 
drainage originated within the plot, 1969 
___ pio-fc Number 
Month 12 3 4 5 6 7 8 9 10 11 12 
April 7.6% 8.0 10.3 15.5 28.5 7.8 2.2 5.3 2.8 6.1 5.6 8.6 
May 5.9 4.8 8.1 12.4 34.5 4.3 0.2 0.8 0.4 4.4 3.0 5.7 
June 3.9 4.0 5.8 11.4 32.7 6.2 1.3 2.5 0.9 4.3 2.3 5.2 
July 13.1 10.0 13.2 25.7 66.5 20.0 3.5 15.7 4.5 12.4 9.0 18.8 
Aug 8.1 5.2 10.4 12.3 12.2 5.9 1.1 5.8 0.8 7.9 4.9 12.9 
Sept 8.4 6.5 15.8 15.0 22.5 7.6 2.7 8.7 6.1 8.2 8.7 16.7 
Oct 7.7 5.8 10.9 14.0 19.9 8.1 1.7 5.3 0.8 6.7 6.1 10.2 
Total 54.7 44.3 76.4 106.3 216.8 59.4 12.2 44.1 I5.8 49.5 39.1 77.6 
^All amounts in inches. 
Table P-2. Monthly amounts of tile drainage from each plot assuming all 
drainage originated within the plot, 1970 
Plot Number 
Month 1 2 3 4 5 6 7 8 9 10 11 12 
April 3.1* 1.2 6.5 4.6 3.1 1.2 0.2 0.4 0.2 2.4 2.4 2.7 
May 13.4 13.9 24.2 19.9 33.0 18.5 9.3 14.2 9.8 14.4 12.9 13.6 
June 3.9 1.5 8.1 4.9 11.6 4.4 0.4 2.3 0.6 4.5 2.1 4.6 
July 1.1 0.2 2.9 0.8 1.5 0.3 0.3 1.3 0.1 3.7 0.4 1.6 
Aug 8.1 7.2 11.4 12.4 15.5 2.7 4.6 10.0 2.9 9.2 8.2 11.3 
Sept 10.5 13.2 17.4 18.4 32.9 20.7 6,4 13.2 8.0 12.6 12.4 13.7 
Total 40.1 37.2 70.5 61.0 97.6 47.8 21.2 41.4 21.6 46.8 38.4 47.5 
^All amounts in inches. 
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APPENDIX G 
Table G-1. Applied tapwater used on treatment 1, 2.0 inches tapwater at 
750 mb soil suction 6 inches deep, for I969 
ci- P GOD Tot-N 
Mo-Day mg/l mg/l mg/l mg/l PH 
06-01 20 0,02 0 8.5 
07-21 20 3 
08-12 21 0.03 12 8.0 
08-28 22 11 
09-28 23 8 8.3 
10-11 20 0.04 25 20 
Average 21 0.03 22 9 8.3 
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Table G-2. Applied lagoon effluent for 1969 
GOD NH3-N Tot-N CI Tot-P 
Mo-Day mg/l mg/l mg/l mg/l mg/l PH 
04-25 2140 450 473 157 78 
05-06 2390 445 461 169 
05-21 960 434 468 188 118 
05-29 1175 443 460 
06-02 640 465 494 1?8 7.6 
06-04 870 
06-23 750 466 525 167 
07-13 700 283 305 132 
07-19 306 330 125 
07-21 863 287 304 130 7.8 
07-26 1480 217 241 136 
07-30 768 263 280 114 
08-02 750 272 294 96 
08-04 570 252 290 96 
08-13 647 258 281 105 68 
08-16 760 223 260 112 56 
08-19 530 235 277 115 63 7.8 
08-24 520 213 248 123 
08-29 660 151 180 119 47 
09-02 667 221 260 122 
09-12 1000 223 244 166 
09-20 833 201 236 112 
09-29 870 210 230 130 
09-30 778 125 80 7.6 
10-08 1062 204 226 127 53 
10-23 1100 195 233 114 71 
Average 939 284 306 127 73 7.7 
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Table G-3. Applied tapwater + N used on treatment 3» 2.0 inches tapwater 
+ N at 750 mb soil suction 6 inches deep, for I969 
Mo-Day 
NO -N 
mg/l 
NH.-N 
mg/l 
Tot-N 
mg/l 
P 
mg/l 
COD 
mg/l 
CI 
mg/l pH 
06-07 95 86 362 1.7 41 20 7.5 
07-16 76 66 280 41 20 
07-23 60 55 234 23 
08-03 52 55 219 42 22 
08-14 71 60 267 1.5 51 25 7.5 
08-20 87 78 330 21 
08-26 101 98 387 21 
09-04 99 102 403 39 19 7.6 
10-09 42 48 186 1.4 21 
Average 76 72 296 1.4 43 21 7.5 
Table G-4. Applied lagoon effluent for 1970 
Mo-Day 
GOD 
mg/l 
NH -N 
mg/l 
Tot-N 
mg/l 
01 
mg/l 
Tot-P 
mg/l pH 
05-20 1560 438 476 150 75 7.4 
05-29 1480 473 164 
06-02 1190 460 492 170 73 
06-04 456 183 61 
06-10 1210 412 451 227 114 7.5 
06-17 1210 448 160 34 
06-25 1090 467 502 176 45 
07-01 1245 327 174 73 
07-06 I58O 496 524 56 7.5 
07-15 1636 428 192 
07-20 1560 324 194 63 
08-03 1520 330 356 162 7.7 
08-10 1335 249 172 90 
08-17 1123 280 324 148 85 
08-22 1140 256 146 61 
08-31 1192 238 280 153 72 7.7 
09-10 1128 252 266 151 
Average 133^ 382 408 I70 69 7.6 
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APPENDIX H 
Table H-1. Tile drainage quality for treatment 1, 2,0 inches tapwater at 750 mb soil suction 6 
inches deep, in I969 
Plot Number 
Mo-Day 
1 
Nitrogen 
NH N0„ Tot GOD Gl" Tot-P 
Nitrogen 
NH^ NO^ 
3 
Tot GOD Gl" Tot-P 
5 
Nitrogen 
NH„ N0„ Tot GOD Gl' Tot-P 
04-12 39a 60 0.3 46 97 0.2 56 100 0.4 
05-13 1 80 70 60 102 104 108 
06-01 85 70 60 98 0.0 95 98 0.0 
06-07 77 71 0.0 59 98 99 96 
06-12 88 66 0.0 53 96 0.1 73 94 
06-26 71 60 39 93 108 83 
06-30 81 65 52 90 81 92 
07-04 80 66 57 93 0.2 98 94 
07-19 1 88 64 57 86 81 87 
07-21 64 0.3 86 85 
07-28 81 61 46 74 71 85 
08-01 82 64 50 74 78 112 
08-02 92 60 52 77 77 72 
08-12 83 56 0.2 45 71 0.2 70 74 0.1 
08-20 69 58 42 74 0.2 59 72 0.2 
08-28 37 35 65 
09-08 52 50 24 61 34 55 
09-15 45 45 24 49 83 55 
09-28 46 48 28 56 53 67 
10-11 41 18 48 35 18 57 38 18 61 
10-13 32 44 18 52 45 67 
10-22 32 44 18 53 55 84 
10-29 0.2 0.2 
^All concentrations in mg/l. 
Table H-2, Tile drainage quality for treatment 2, 2.0 inches at 7^0 mb soil suction 6 inches deep, 
in 1969 
Plot Number 
2 4 6 
Nitrogen Nitrogen Nitrogen 
Mo-Day NH^ NO^ Tot GOD Gl' Tot-P NH^ NO^ Tot GOD 01" Tot-P NH^ NO^ Tot COD 01" Tot-I 
04-12 28^  102 54 120 0.2 52 58 0.1 
05-06 1 92 108 70 106 53 76 
05-13 88 104 62 112 56 65 
05-21 42 77 
05-23 0 60 106 3 83 106 1 71 81 0.7 
06-02 27 
06-03 1 83 103 66 108 0 62 73 
06-07 90 112 0.2 60 107 
06-12 94 109 50 105 39 62 0.1 
06-23 87 88 56 30 100 77 76 
06-26 99 92 71 104 8 36 
06-30 95 95 76 105 67 86 
07-04 91 100 71 105 0.3 64 74 
07-19 95 95 68 170 80 80 
07-21 83 138 52 118 78 226 
07-28 88 93 70 103 73 58 
08-02 6 90 90 1 72 107 4 91 146 75 
08-13 94 49 96 76 117 0.3 92 58 0.3 
08-20 91 91 1.7 84 114 0.4 106 89 
08-28 1 84 93 0.8 1 75 126 0.9 2 97 84 1.5 
08-29 90 89 0.3 80 116 0.1 102 92 1.2 
08-30 84 93 70 121 108 77 
09-08 87 86 74 116 85 79 
09-15 69 69 77 105 84 76 
^All concentrations in mg/l. 
Table H-2. Continued 
Plot Number 
Mo-Day 
Nitrogen 
NH^ NO^ Tot 
2 
GOD Gl" Tot-P 
Nitrogen 
NH„ N0„ Tot 
k 
GOD Gl" Tot-P 
Nitrogen 
NH„ NO^ Tot 
é 
GOD Gl" Tot-P 
09-29 86 59 86 3.0 78 52 123 1.9 3 94 96 88 3.1 
10-10 1 86 110 92 122 152 96 1 81 97 127 
10-13 74 92 76 131 97 90 
10-22 64 95 69 120 70 83 
10-24 11 65 252 98 12.2 8 80 236 122 8.7 6 92 214 98 6.3 
Table H-3. Tile drainage quality for treatment 3» 2.0 inches tapwater + N at 750 mb soil suction 
6 inches deep, in I969 
Plot Number 
7 9 11 
Nitrogen Nitrogen Nitrogen 
Mo-Day NH^ NO^ Tot COD Gl" Tot-P NH^ NO^ Tot GOD Gl" Tot-P NH^ NO^ Tot GOD Gl" Tot-P 
04-12 84®- 79 
04-24 56 121 42 92 
05-20 89 92 0.1 
O6-O6 69 97 
06-07 132 105 0.1 
06-12 54 126 0.1 88 109 0.1 
06-17 1 52 61 0 98 87 
06-19 106 140 
06-26 83 ' 83 34 83 73 86 
06-30 31 58 67 94 88 92 
07-04 21 53 0,2 45 104 85 96 
07-16 0 29 42 42 97 94 10 76 
07-23 21 50 39 100 94 90 
07-28 10 41 50 76 90 78 
08-03 24 43 41 10 92 91 77 
08-14 32 24 52 0.1 43 98 0.1 98 20 87 0.1 
08-20 75 39 107 50 0.9 102 58 0.2 
08-26 28 34 95 
08-29 57 0.2 91 0.1 82 0.1 
09-03 8 66 29 98 88 92 
09-04 25 60 36 94 87 78 89 
09-08 24 55 28 78 73 73 
09-15 48 42 93 45 83 49 
10-09 100 36 122 34 112 40 
10-13 35 58 27 85 80 76 
10-22 22 65 22 104 53 87 
^All concentrations in mg/l. 
Table H-4. Tile drainaige quality for treatment 4, 2.0 inches at 350 mb soil suction 6 inches deep, 
in 1969 
Plot Number 
8 10 12 
Nitrogen Nitrogen Nitrogen 
Mo-Day NH^ NO^ Tot GOD Gl" Tot-P NH^ NO^ Tot GOD Cl" Tot-P NH^ NO^ Tot COD Cl" Tot-P 
04-12 82^ 62 84 92 75 68 0.1 
04-24 63 70 52 87 62 71 
04-25 0 84 75 11 80 92 3 81 83 
05-06 4 108 130 20 83 98 4 91 85 
05-20 74 80 0.1 69 62 0.1 
05-29 104 88 31 90 
06-04 130 89 1 112 100 92 27 84 
O6-O6 83 75 
06-07 89 83 
06-12 77 87 0.1 56 68 
06-19 2 135 25 25 91 1.1 14 84 87 97 0.1 0 92 30 80 0.4 
06-20 76 4 76 0.2 95 15 94 0.2 101 46 81 0.1 
06-26 165 92 91 86 87 71 
06-30 111 83 97 86 105 78 
07-04 78 80 80 86 0.2 91 90 
07-14 98 76 101 85 3 111 94 
07-17 108 31 78 108 90 120 85 
07-21 7 116 208 89 7.3 31 78 383 104 11.1 18 103 276 98 9.7 
07-22 1 102 35 86 1.0 4 107 94 94 3.4 3 120 47 90 1.5 
07-26 6 160 105 48 64 120 14 134 160 112 
07-28 92 74 90 79 97 72 
07-30 7 133 77 95 18 123 236 103 4 173 77 99 
08-04 4 126 86 21 106 96 3 126 51 90 
08-09 3 105 30 82 10 94 92 4 113 88 
08-13 148 98 32 85 102 134 127 100 
08-16 92 76 0.5 8 98 91 1.7 109 20 86 0.3 
^All concentrations in mg/l 
Table H-4, Continued 
Plot Number 
8 10 12 
Nitrogen Nitrogen Nitrogen 
Mo-Bay NH^ NO^ Tot COD Cl" Tot-P NH^ NO^ Tot GOD Cl" Tot-P NH^ NO^ Tot COD Gl" Tot-P 
08-19 127 99 2.0 28 88 107 6.4 10 113 88 100 1.1 
08-20 116 96 1.5 105 100 3.4 115 94 
08-24 123 80 91 11 88 99 101 95 
08-27 6 102 97 3.2 22 80 103 5.0 22 95 97 4.5 
08-28 78 79 0.5 6 88 90 1.3 1 94 87 0.4 
08-30 64 69 95 84 80 70 
09-02 3 118 103 24 88 108 4 118 196 99 
09-08 81 78 77 85 146 81 67 78 74 
09-11 90 93 11 88 98 1 105 93 
09-15 85 86 80 77 94 82 
09-19 42 59 69 69 64 64 
09-20 70 74 78 4 80 81 87 55 77 
09-30 80 56 89 3.0 15 81 194 100 5.3 2 108 102 93 1.8 
10-08 2 78 67 86 17 91 181 104 3 109 95 99 
10-13 66 75 81 103 76 74 
10-22 10 61 64 74 56 62 
10-23 25 83 106 7.0 27 90 122 14.3 8 138 111 8.2 
10-24 172 460 306 
Table H-5» Tile drainage quality for treatment 1, 2.0 inches weekly in 3» 2/3-inch daily applica­
tions, in 1970 
Plot Number 
Mo-Day 
Nitrogen 
NH, N0„ ' Tot 
1 
COD or Tot-P 
Nitrogen 
NH^  NO^  ' rot 
3 
GOD or Tot-P 
Nitrogen 
NH N0_ ' rot 
5 
COD CI' Î 1 
04-11 32®- 54 17 66 60 65 
05-02 34 58 15 67 42 62 
27 42 0.1 18 54 0.3 42 54 0.2 
05-19 28 30 53 15 58 59 82 
05-20 7 22 170 63 1.9 13 12 415 77 1.9 14 39 275 87 2.6 
05-23 22 41 17 43 39 61 
06-04 10 29 114 53 5.9 8 29 213 72 3.8 3 60 104 86 2.4 
06-08 0 35 22 48 1 25 22 59 0 56 20 62 
06-10 0 29 62 46 2.1 1 27 91 61 1.2 3 60 120 64 2.3 
06-11 0 35 41 0 32 60 0 67 64 
06-15 1 28 113 48 3.2 0 24 64 60 0.8 4 70 79 68 2.3 
06-17 3 34 129 59 2.0 6 45 233 78 3.1 1 60 119 75 1.4 
06-22 7 38 97 59 2.2 4 42 160 76 6.9 10 64 184 81 5.6 
06-24 1 46 88 57 2.4 4 53 228 81 2.8 1 76 126 81 2.7 
06-29 0 32 14 47 0.9 0 27 33 72 0.9 13 39 184 82 5.9 
07-01 3 63 159 77 4.3 6 71 347 100 8.6 10 102 340 108 9.5 
07-06 8 116 
07-08 0 34 42 48 1.1 20 119 508 134 9.6 7 111 304 116 1.3 
07-15 6 143 288 119 6.0 20 71 574 132 14.3 17 97 508 140 10.2 
07-20 0 55 140 62 7.4 14 123 820 156 16.2 8 158 770 179 13.9 
07-22 34 158 540 206 16.8 51 102 820 169 27.2 28 176 610 179 17.2 
07-27 4 167 128 154 8 154 122 204 10.2 7 196 122 156 
07-29 4 146 108 11 140 96 71 7 178 98 
08-04 4 148 122 6 136 92 3 199 115 
08-10 6 109 174 122 5.4 13 67 358 115 8.8 6 140 202 129 5.3 
^All concentrations in mg/l. 
Table H-5t Continued 
Plot Number 
Mo-Day 
Nitrogen 
NH NO^ Tot 
1 
GOD Gl" Tot-P 
3 
Nitrogen 
NH^ N0„ Tot GOD Gl" Tot-P 
Nitrogen 
NH^ NO^ Tot 
5 
GOD Gl" Tot-P 
08-12 7 174 232 144 14.7 15 91 379 134 21.3 11 140 3O8 139 15.7 
08-18 0 147 61 118 0.7 1 66 96 45 1.0 0 127 57 116 
08-2^ 119 187 115 10.0 14 81 396 118 17.0 7 126 286 125 10.0 
08-26 11 147 293 153 9.5 28 97 522 144 22.7 17 126 402 146 12.6 
08-31 10 113 311 148 11.9 17 83 387 134 15.2 15 98 406 158 13.9 
09-02 28 122 542 160 21.2 42 49 691 148 27 118 542 158 24.3 
09-08 7 111 276 17 77 457 11 125 394 
09-09 4 144 116 132 2.5 8 98 159 102 1.0 7 150 142 118 0.9 
09-16 0 116 118 3 49 78 1 105 
86 
69 
10-10 132 106 77 75 85 
11-09 85 83 0.2 57 76 0.5 69 77 0.2 
Table H-6, Tile drainage quality for treatment 2» 2.0 inches at 750 mb soil suction 6 inches deep, 
in 1970 
Plot Number 
Mo-Day 
Nitrogen 
NH NO^ Tot 
2 
GOD 01" , Tot-P 
Nitrogen 
NH NO^ Tot 
4 
GOD Gl" Tot-P 
Nitrogen 
NH^ NO^ Tot 
6 
GOD 01' Tot-P 
04-11 67^  96 70 144 76 71 
05-02 59 92 62 136 35 62 
05-14 77 77 1.0 87 118 0.3 88 7^  0.3 
05-19 0 92 105 85 1.0 1 83 95 110 0.9 1 95 120 73 0.6 
05-23 57 53 76 49 79 78 63 
06-05 24 77 365 108 6.9 1 87 179 107 5.6 13 95 304 91 4.4 
06-11 0 67 73 0 76 89 0 66 64 
06-30 13 115 294 120 10.6 3 90 264 110 6.3 13 116 55^  128 12.2 
07-08 7 136 618 8 137 541 13 146 591 
07-27 30 5.2 0 18 33 3.7 3.1 
07-29 0 43 46 3 125 50 129 0 186 110 
08-04 1 134 87 4 151 89 1 170 99 
08-18 0 126 29 106 0 109 24 125 0.4 3 126 33 99 
08-22 15 81 439 129 12.9 17 130 373 139 10.2 11 123 417 134 6.8 
09-05 8 170 522 140 19.3 17 144 511 147 19.3 11 182 500 142 15.2 
09-09 2 153 90 121 2.5 4 164 82 125 1.2 1 203 69 125 0.9 
09-16 1 112 104 1 116 113 0 118 92 
10-10 108 90 108 104 96 75 
11-09 78 81 0.7 52 78 0.3 50 57 0.2 
^All concentrations in mg/l. 
Table H-7. Tile drainage quality for treatment 3» 2.0 inches bi-weekly in 3» 2/3-inch daily applica­
tions, in 1970 
Plot Number 
No-Day 
Nitrogen 
NH„ NO Tot 
7 
GOD Gl" Tot-P 
9 
Nitrogen 
NH NO. Tot COD Gl- Tot-P 
Nitrogen 
NH N0„ 
11 
Tot GOD Cl" Tot-P 
04-11 38^ 67 46 142 70 96 
05-02 35 60 42 138 66 92 
05-14 67 52 0.4 67 54 0.7 77 66 0.3 
05-23 57 26 41 49 37 74 55 
05-29 55 60 540 75 8.9 24 38 420 82 15 64 330 67 4.7 
06-11 0 84 50 0 36 85 0 63 68 
06-13 10 87 338 73 6.0 1 84 208 70 3.7 7 94 240 68 5.6 
06-25 1 35 24 53 0.6 0 35 24 89 1.2 0 62 24 119 4.8 
06-27 4 116 358 88 9.0 0 32 19 95 1.2 18 91 438 102 13.9 
07-11 858 
07-27 0 217 122 135 0 168 133 90 3.3 0 176 117 113 
07-29 1 134 94 1 132 42 83 0 164 88 
08-04 0 116 80 0 127 82 1 139 85 
08-18 0 57 16 68 0 90 29 87 0 134 92 0.2 
08-20 4 78 337 97 5.7 0 90 114 94 1.7 1 99 257 104 4.5 
08-22 7 103 248 101 6.8 14 122 318 127 8.2 21 99 428 124 9.5 
09-04 13 151 762 151 19.6 378 169 30.1 4 165 317 122 10.8 
09-05 22 165 707 29 148 815 7 158 283 
116 3.6 09-09 0 175 60 106 0.5 0 180 73 125 1.0 1 163 78 
09-16 0 57 68 0 108 82 0 108 89 
10-10 66 75 116 82 95 80 
11-09 41 52 0.1 45 62 0.1 60 64 0.1 
^All concentrations in mg/l. 
Table H-8. Tile draineige quality for treatment 4, 2.0 inches at 350 rab soil suction 6 inches deep, 
in 1970 
Plot Number 
8 10 12 
Nitrogen Nitrogen Nitrogen 
Mo-Day NH^ NO^ Tot GOD Gl" Tot-P NH^ NO^ Tot COD Cl" Tot-P NH^ NO^ Tot GOD Cl" Tot-P 
04-11 50^  67 38 62 38 47 
05-02 34 61 43 60 41 49 
05-14 83 76 0.9 95 69 2.5 105 71 0.4 
05-23 7 66 119 71 14 53 183 62 10 81 173 76 
05-31 0 57 62 4 83 77 1 98 73 
06-08 17 130 302 109 4 90 235 74 15 132 299 112 
06-10 0 92 21 67 0 83 30 72 0 83 18 64 
06-18 18 98 374 110 18.8 32 95 553 121 14.8 48 124 524 120 13.0 
06-25 18 134 327 121 8.2 28 111 433 126 13.5 55 134 466 174 15.3 
06-29 43 112 612 148 26.0 66 84 828 147 29.6 86 99 792 144 22.7 
07-10 32 172 612 122 87 1020 97 124 1000 
07-17 35 163 780 188 24.0 118 106 980 192 43.1 60 168 900 181 25.9 
07-24 25 228 667 203 40.8 73 131 930 200 50.2 60 180 912 208 67.0 
07-27 4 182 85 165 29 196 165 148 18.2 14 195 138 171 
07-29 4 158 123 24 138 138 90 13 188 108 116 
O8-O3 22 210 728 172 71 132 958 162 59 127 1020 179 
08-04 1 132 108 18 109 87 10 91 73 
08-17 15 151 551 158 19.4 57 57 755 144 26.0 43 132 734 156 29.4 
08-18 0 108 69 118 1.4 0 118 36 101 0 111 69 99 
08-24 15 134 494 136 59 98 769 139 34 127 627 144 
28.6 09-01 17 130 511 165 22.7 53 73 661 158 33.5 38 118 628 160 
O9-O8 22 120 648 52 81 8I9 41 102 733 
09-09 5 133 129 128 2.3 22 98 198 108 6.0 13 128 181 123 3.8 
09-16 1 108 113 6 88 78 1 69 94 
10-10 104 94 94 71 112 85 
11-09 57 51 0.1 41 56 0.2 71 70 0.2 
^All concentrations in mg/l. 
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Table I-l. Weighted monthly averages of chloride ion concentration in 
tile drainage from each plot for I969 
Plot Number 
Month 1 2 ? 4 ? 6 7 8 9 10 11 12 
April 60^ 102 97 120 100 58 72 124 90 44 74 
May 70 106 102 108 108 74 110 89 92 74 
June 66 100 95 112 93 67 60 88 108 94 103 90 
July 64 102 88 114 88 73 48 93 94 102 85 99 
Aug 61 94 74 119 78 79 43 87 72 99 70 88 
Sept 48 80 55 115 59 81 56 87 79 94 76 90 
Oct 45 96 54 123 71 93 53 82 74 101 68 87 
1969 Ave.^ 59 95 77 116 88 75 52 87 91 97 81 89 
^All concentrations in mg/l, 
^Weighted average. 
Table 1-2. Weighted monthly averages of total nitrogen concentration in 
tile drainage from each plot for I969 
Plot Number 
Month 1 2 3 4 5 6 7 8 9 10 11 12 
April jf- 58 46 54 54 52 72 70 68 60 68 
May 80 80 60 73 106 60 100 94 89 80 
June 80 91 53 63 91 61 56 122 59 94 91 85 
July 83 92 53 69 82 74 20 122 44 102 91 119 
Aug 68 90 43 78 68 100 47 114 68 108 97 114 
Sept 48 81 25 76 42 89 32 83 52 89 81 93 
Oct 34 75 24 89 46 86 52 66 57 92 82 98 
1969 Ave.^ 62 81 71 71 75 75 36 100 54 94 84 99 
^All concentrations in mg/l, 
^Weighted average. 
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Table 1-3. Weighted monthly averages of chloride ion concentration in 
tile drainage from each plot for 1970 
Plot Number 
Month 1 2 ? 4 4 6 7 8 9 10 11 12 
April 54^ 96 66 144 65 71 67 67 142 62 96 47 
May 51 85 60 111 69 68 53 68 78 67 70 67 
June 51 100 69 102 75 94 66 111 85 108 89 123 
July 118 105 136 119 135 110 87 158 82 141 86 171 
Aug 128 125 101 135 127 111 119 153 92 114 95 113 
Sept 131 120 102 126 116 126 106 120 113 120 111 123 
1970 Ave.^ 90 106 81 122 97 99 83 111 98 100 108 102 
^All concentrations in mg/l, 
^Weighted avereige. 
Table 1-4, Weighted monthly averages of total nitrogen concentration in 
tile drainage from each plot for 1970 
Plot Number 
Month 1 2 ? 4 ? é 7 Ô 9 10 11 12 
April 32®- 67 17 70 60 76 38 50 46 38 70 38 
May 28 71 18 77 57 76 68 62 53 73 74 84 
June 36 99 36 86 65 101 84 132 50 119 84 155 
July 121 90 128 117 156 175 176 189 150 189 152 213 
Aug 145 120 107 147 155 153 108 145 112 174 144 131 
Sept 136 141 78 147 132 141 137 136 149 119 135 141 
1970 Ave.^ 83 107 53 113 100 111 101 148 119 119 109 121 
^All concentrations in mg/l. 
^Weighted average. 
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Table J-1. Total nitrogen in 6- and 8-ft. deep wells under the field plots 
Date Location Number 
1^ 2 3 4 5 6 7 8 
Mo-Da-Yr 6^ 8 6 8 6 8 6 8 6 8 6 8 6 8 6 8 
06-03-69 50° 95 101 41 85 91 94 
06-18-69 50 80 85 95 39 62 95 66 88 92 115 108 64 69 136 
07-11-69 56 70 76 74 38 62 60 66 67 76 98 108 56 62 148 118 
07-26-69 55 45 56 71 39 59 55 56 62 88 93 64 49 109 94 
08-05-69 57 67 77 39 41 52 38 87 97 64 36 150 99 
O8-2I-69 46 15 63 63 32 34 55 69 43 39 62 78 60 64 140 176 
05-08-70 42 60 29 20 7 21 48 22 6 14 34 42 52 18 
07-06-70 24 6 59 25 31 8 18 52 38 3 10 21 21 41 91 11 
08-06-70 22 77 29 14 21 17 48 146 21 81 27 143 133 
09-19-70 ^7 74 56 36 47 28 52 241 32 29 131 82 
^All locations refer to plot numbers, 
^Well depth in feet. 
°A11 concentrations in mg/l. 
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Table J-2. Chloride ion concentration in 6- and 8-ft. deep wells under the 
field plots 
Date Location Number 
2 3 4 5 6 7 8 
Mo-Da-Yr 6^ 8. . 6 8 6 8 6 8 6 8 6 8 6 8 6 8 
06-03-69 101° 77 75 
O6-I8-69 57 63 78 77 88 98 74 77 94 96 75 82 47 58 88 
07-11-69 59 55 72 74 90 95 78 65 71 96 78 68 46 47 90 96 
07-26-69 60 50 81 67 88 96 74 63 73 96 71 49 60 77 86 
08-05-69 55 71 65 84 92 68 46 96 66 46 58 100 104 
08-21-69 45 31 68 68 69 87 69 60 55 68 40 55 96 97 
05-08-70 50 76 67 44 88 52 61 55 60 22 30 51 93 24 
07-06-70 51 69 59 23 55 59 43 55 22 32 50 97 33 
08-06-70 54 89 71 45 54 80 68 136 26 54 54 106 101 
09-19-70 67 73 75 63 89 70 14^ 99 106 80 
^All locations refer to plot numbers. 
^Well depth in feet. 
°A11 concentrations in mg/l. 
170 
Table J-3. Total nitrogen in 6- and 8-ft. deep wells under the field plots 
Date Location Number 
9' 
a. 10 11 12 1? 14 
Mo-Da-Yr 6% 8 6 8 6 8 6 8 6 8 6 8 6 8 
06-03-69 59 67 39 
06-18-69 73C 96 67 63 139 85 55 66 69 41 39 56 
07-11-69 55 77 109 41 67 81 123 76 59 69 31 36 56 63 
07-26-69 56 87 105 45 69 84 118 66 60 66 36 34 56 35 
08-05-69 18 69 122 53 71 80 155 80 63 69 29 76 42 
08-21-69 66 83 136 83 84 78 133 73 56 50 73 
05-08-70 14 65 31 76 123 69 38 38 18 0 
07-06-70 22 119 38 77 66 125 73 56 6 4 
08-06-70 32 22 25 39 78 64 122 57 48 50 17 0 20 0 
09-19-70 56 27 106 56 91 71 115 81 45 67 6 21 56 6 
^All locations refer to plot number except I3 located 30 ft. east of 
plot 4, 14 located halfway between 4 and 9» and 15 located 20 ft. 
west of plot 10, 
^Well depth in feet. 
°A11 concentrations in mg/l. 
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Table J-4. Chloride ion concentration in 6- and 8-ft. deep wells under 
the field plots 
Date Location Number 
9" 10 11 12 13 14 15 
Mo-Da-Yr 6^  8 6 8 6 8 6 8 6 8 6 8 6 8 
06-03-69 164° 110 95 
06-18-69 78 87 94 69 81 80 83 164 161 87 37 73 
07-11-69 65 74 100 61 75 78 76 61 160 160 62 82 73 70 
07-26-69 62 75 99 71 78 82 70 59 166 158 62 85 70 60 
08-05-69 61 64 98 80 74 76 72 50 151 164 60 65 60 
08-21-69 54 38 79 74 74 80 47 176 126 69 37 
05-08-70 50 98 83 50 89 41 195 158 63 44 
07-06-70 51 95 78 53 24 91 42 139 60 34 
08-06-70 47 59 97 97 68 82 111 49 144 191 57 66 38 
09-19-70 50 68 132 94 71 71 104 54 123 198 61 78 40 
All locations refer to plot number except 13 located 30 ft. east 
of plot 4, 14 located halfway between 4 and 9» and 15 located 20 ft, west 
of plot 10. 
^Well depth in feet. 
°A11 concentrations in mg/l. 
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Table K-la. Soil solution collected from field plots by porous cups in 1970 
Plot Number 
Date 1 2 ? 4 6 
Mo-Day 6^ 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
05-25 NOL-N 74^ 73 35 198 187 153 73 59 32 127 199 146 81 77 28 156 188 
NH%-N 
Tot-P 
0 0 0 3 1 0. 0 0 0 1 0 0 1 1 1 2 0 
1.3 0.8 0.4 3.4 1.8 1.0 2.0 0.7 0.3 2.1 1.0 0.6 1.3 1.0 0.6 3.2 0.6 
GOD 23 14 9 22 26 19 32 17 13 43 12 17 22 14 18 29 22 14 
CI" 46 21 22 76 81 96 58 56 32 66 82 110 89 81 22 67 83 82 
07-09 NCL-N 239 91 55 203 174 169 323 105 43 141 168 154 217 101 29 313 179 197 
NH,-N 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 3 0 0 
01^ 161 76 73 140 57 69 182 67 42 121 58 57 178 104 44 158 92 88 
07-30 NCL-N 182 269 130 616 214 129 865 199 78 330 206 220 592 228 95 630 314 161 
NHL-N 0 3 1 3 1 1 0 15 0 2 0 1 17 1 1 1 1 0 
Tot-P 1.8 0.8 0.7 23.2 4.7 0.7 8.6 1.7 1.6 16.2 3.2 4.1 14.8 0.8 1.0 12.3 2.9 1.9 
GOD 134 75 48 131 59 42 123 67 30 147 96 34 154 43 37 
Gl" 565 144 110 240 110 65 368 134 50 221 83 65 375 188 62 200 173 106 
08-25 NOu-N 189 296 202 290 221 186 336 283 177 232 312 171 190 326 230 307 400 235 
NHC-N 1 0 0 1 3 0 4 2 1 0 0 0 2 1 0 8 1 1 
Tot-P 20.7 9.9 1.0 17.6 5.4 1.7 20.7 4.5 1.1 
Cl" 206 286 163 139 111 85 163 291 197 97 118 75 199 296 203 146 3O8 118 
10-30 NO-N 441 270 301 143 206 244 250 232 162 112 210 238 310 281 211 203 247 
NK-N 0 0 0 0 1 1 2 0 0 0 0 0 3 1 2 2 0 
Tot-P 0.6 0.6 1.5 8.3 7.2 1.3 2.1 3.2 1.1 5.7 6.3 2.1 1.9 1.3 5.6 4.0 1.7 
GOD 53 36 20 26 53 29 52 48 26 63 30 27 71 39 40. 26 36 
Gl" 141 234 187 68 82 105 128 126 93 46 80 109 171 145 63 63 112 
^All depths in inches, 
^All concentrations in mg/l. 
Table K-lb. Soil solution collected from field plots by porous cups in 1970 
Plot Number 
Date 
Mo-Day 
7 8 9 10 11 12 
6% 12 24 6 12 24 6 12 24 6 12 24 6 12 24 6 12 24 
05-25 NGL-N 113^ 157 219 228 183 230 96 88 160 220 218 230 90 120 100 249 230 208 
NH^-N 1 0 1 0 0 0 2 1 3 0 0 0 1 0 0 0 0 0 
Tot-P 1.0 1,0 0.7 17.3 3.1 1.8 3.1 0.8 0.4 9.9 5.3 2.2 2.5 1.4 0.6 19.7 8.8 2.7 
COD 29 27 20 53 39 27 14 11 18 61 40 29 22 16 15 71 36 33 
Gl" 23 26 26 83 74 105 27 15 25 85 86 104 13 22 36 86 93 87 
07-09 NOL-N 146 194 580 434 204 125 99 417 242 
CM 
102 576 238 188 
NH:-N 4 0 15 17 0 0 0 4 6 0 0 20 1 0 
Tot-P 7.7 3.8 28,2 14.8 6.6 4.6 1.3 11.4 8.3 4.2 1.4 
Gl" 192 32 309 176 123 77 51 271 143 99 37 367 134 81 
07-30 NOL-N 144 321 175 424 340 302 324 164 126 277 218 244 105 217 362 165 
NHL-N 3 6 1 3 4 6 1 0 1 1 1 1 3 4 1 1 
Tot-P 17.2 3.4 1.2 16.2 4.9 3.6 9.8 2.5 12.6 8.3 2.9 10.9 2.8 7.8 3.0 1.5 
COD 128 57 33 130 97 46 96 22 180 88 56 110 36 168 84 43 
Gl" 125 221 65 165 169 142 188 108 383 167 162 167 51 387 227 158 
08-25 NCL-N 451 308 254 358 137 367 185 
NHX-N 0 4 1 0 1 0 1 
Tot-P 20.7 9.5 5.1 2.3 9.8 3.1 
COD 113 76 59 87 63 91 40 
Gl" 174 165 146 212 146 276 151 
10-30 NCL-N 139 220 245 174 181 312 210 268 283 226 
CO 00 
280 200 251 192 224 239 195 
NH^-N 0 0 1 0 1 0 1 0 0 3 0 0 0 0 0 1 1 0 
Tot-P 6,6 3.7 2.1 4.4 6.3 2.6 8.3 7.2 1.9 10.8 6.3 3.1 8.8 4.3 1.8 8.3 7.9 3.3 
GOD 26 24 27 33 46 27 19 33 26 38 26 30 18 36 34 25 37 30 
Cl" 84 84 131 57 76 124 97 107 133 112 202 158 93 105 99 139 135 137 
^All depths in inches, 
^All concentrations in mg/l. 
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Table L-1. Total soil nitrogen in percent by weight from field plots 
1969-1971 
Soil depth interval, inches 
0-6 6-12 12-24 
Plot Rep 1969 1970 1971 1969 1970 1971 1969 1970 1971 
1 1 0.213 0.182 0.226 0,136 0,169 0,170 0.107 0.088 0.104 
1 2 0.216 0.217 0,216 0,186 0,186 0,123 0.101 0.104 0,068 
1 3 0.233 0.190 0.232 0,185 0,179 0.198 0.093 0.099 0.090 
2 1 0.275 0.262 0.276 0.229 0,250 0.268 0.135 0,064 0.113 
2 2 0.274 0.282 0.316 0.239 0,256 0.267 0.140 0,140 0.120 
2 3 0.252 0.298 0.294 0,235 0,258 0,286 0.105 0.154 0.111 
3 1 0.264 0.292 0.325 0,281 0,276 0.274 0.165 0,146 0.136 
3 2 0.281 0.266 0.328 0,280 0,273 0.280 0.134 0,156 0.134 
3 3 0.200 0.298 0.290 0,247 0,259 0,272 0.124 0,141 0,142 
4 1 0.272 0.229 0,290 0.121 0,196 0,227 0.103 0,097 0,111 
4 2 0.264 0.218 0.292 0.143 0,226 0,212 0.081 0.112 0.125 
4 3 0.288 0.276 0,295 O.I67 0,251 0.216 0.126 0.103 0.097 
5 1 0.245 0.235 0,190 0.214 0.167 0.197 0.119 0.086 0.103 
5 2 0.248 0.226 0,261 0.142 0,206 0.154 0.113 0,084 0.088 
5 3 0.242 0.242 0.271 0.193 0,189 0.202 0,091 0,075 0.090 
6 1 0.222 0.278 0.302 0,186 0,203 0.241 0,071 0,059 0,086 
6 2 0.206 0.204 0.323 0.187 0,163 0.200 0.063 0,060 0,096 
6 3 0.201 0.319 0.290 0.171 0,181 0.237 0.062 0.071 0,106 
7 1 0.287 0.300 0.392 0.305 0,324 0.374 0.138 0,185 0,150 
7 2 0.280 0.379 0.406 0.331 0,272 0.348 0,149 0,107 0.171 
7 3 0.414 0.365 0.425 0.327 0,347 O.3I8 0,131 0,099 0,154 
8 1 0.321 0.368 0.409 0,178 0,238 0,331 0,091 0,101 0,123 
8 2 0.426 0.307 0.421 0,329 0.226 0,347 0,139 0,142 0,145 
8 3 0.390 0.378 0.382 0,109 0.286 0,292 0.095 0,108 0.131 
9 1 0.289 0.216 0.284 0,189 0,256 0.292 0.098 0,098 0,137 
9 2 0.336 0.301 0.279 0,299 0,209 0.269 0,120 0,076 0.114 
9 3 0.270 0.276 0.278 0,266 0.237 0.270 0,135 0,081 0.110 
10 1 0.302 0.258 0.304 0.250 0,196 0.270 0,136 0,076 0,139 
10 2 0.315 O.318 0.264 0,229 0,234 0,279 0,110 0.102 0,140 
10 3 0.254 0.280 0,298 0,210 0,225 0.211 0,086 0.084 0,103 
11 1 0.294 0.293 0,323 0,254 0,255 0.282 0,126 0.100 0,139 
11 2 0.314 0.209 0,317 0,248 0.233 0.258 0,108 0,092 0,092 
11 3 0.305 0.295 0,288 0,290 0.204 0.265 0,114 0,085 0,113 
12 1 0.192 0.208 0,263 0,156 0,174 0.218 0.055 0,091 0,132 
12 2 0.220 0.209 0,252 0,158 0.164 0.217 0,098 0.077 0,117 
12 3 0.240 0.182 0,241 0,185 0,224 0.204 0.083 0,112 0,126 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
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Total soil carbon in percent by weight from field plots 
1969-1971 
Soil depth interval, inches 
0-6 6:LL2 12-24 
1969 1970 1971 1969 1970 1971 1969 1970 1971 
2.63 2.21 3.03 2.38 2.68 3.30 1.22 1.22 1.38 
2.79 2.92 3.69 2.61 2,76 2.42 2,00 1.24 1.28 
2.87 2.68 3.62 2.56 2.62 3.39 2.10 1.38 1.38 
3.69 3.83 4.01 3.58 3.76 3.64 2.01 1.53 1.78 
4.21 3.94 4.34 3.00 3.84 4.09 1.98 2.86 1.88 
3.21 4.07 5.08 3.15 4.21 4.31 1.56 2.36 2.21 
3.81 4,02 4.23 4.04 4.17 4.06 2.73 2.23 2.09 
3.59 4.14 4.15 3.02 4.11 4.07 2.01 2.71 1.93 
3.71 4.33 3.86 3.56 4.01 4.08 1.75 2.15 1.91 
3.44 3.60 3.87 2.50 3.37 3.28 1.48 1.54 1.46 
3.61 3.28 3.71 3.04 3.21 3.13 1.06 1.45 1.60 
3.79 3.88 4.18 3.28 3.44 2.87 1.68 1.91 1.23 
3.26 3.09 3.87 2.64 2.90 2.91 1.56 1.09 1.37 
3.42 3.59 3.56 1.85 2.87 2.59 1.09 1.48 1.10 
3.52 3.28 3.68 2.41 2.58 2.64 1.42 1.19 1.14 
3.66 3.56 4,05 2.34 2.65 2.92 0.67 1.01 2.29 
3.54 3.28 4.26 2.27 2.44 2.82 0.35 0.74 1.28 
3.63 4.27 3.95 2.02 2.57 3.66 0.81 1.06 1.52 
3.95 4.12 6.35 4.75 4.35 5.80 2.26 2.88 2.33 
4.69 5.33 6.48 4.42 4.10 5.05 2.93 1.68 3.58 
4.56 5.30 6.04 4.50 5.30 4.58 2.12 2.03 2.36 
4,07 4.89 5.03 4,14 3.67 4.45 2.29 1.40 1.59 
4.53 5.40 5.08 4.55 4.55 4.67 1.92 1.89 1.80 
4.38 4.97 4.65 3.83 3.80 3.94 1.32 1.17 1.62 
3.47 2.92 3.66 3.90 4.03 4.16 1.31 1.19 1.73 
4.12 4,34 3.62 3.95 
3.74 
2.63 3.66 1.55 1.25 1.45 
3.85 3.60 4.00 3.23 3.53 2.30 1.19 1.23 
3.78 3.72 3.89 3.38 3.12 3.18 2.18 0.99 2.01 
4.06 4.77 4.15 3.07 3.47 3.36 1.71 1.38 1.72 
3.32 4.03 4.22 2.78 2.75 3.47 1.83 1.09 1.57 
3.68 5.26 4.64 3.50 3.86 3.81 1.58 1.75 2.08 
4.11 3.21 4.46 3.67 3.94 3.94 1.70 1.15 2.17 
4.00 4.16 4.58 3.54 3.24 3.90 1.40 1.31 2.06 
2.21 2.88 3.93 2.72 2.94 3.22 1.60 1.30 1.81 
1.95 2.93 3.11 2.20 2.38 2.98 1.14 1.00 1.50 
2.01 2.32 3.24 2.54 3.41 2.82 1.13 1.54 1.66 
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Table L-3. Soil pH from field plots I969-I97I 
Soil depth interval, inches 
0-6 6-12 12-24 
Plot Rep 1969 1970 1971 1969 1970 1971 1969 1970 1971 
1 1 6.4 6.5 5.7 5.0 6.1 4.9 6.1 6.6 5.8 
1 2 6.3 5.7 5.5 5.9 6.0 5.5 6.1 6.5 6.1 
1 3 5.4 5.9 6.0 5.3 6.3 5.4 5.5 6.5 5.8 
2 1 5.5 5.4 4.5 5.7 5.6 5.3 6.1 6.0 5.9 
2 2 7.0 5.9 4.7 6.4 5.4 5.7 6.3 6.1 5.7 
2 3 5.6 5.3 5.3 5.5 5.9 5.5 6.2 6.1 5.3 
3 1 6.0 6.0 5.2 6.1 6.0 5.4 6.6 6.6 5.9 
3 2 5.8 6.0 5.5 6.5 5.9 5.3 6.4 6.5 5.8 
3 3 5.6 5.9 5.5 6.3 5.9 5.5 6.4 6.5 5.5 
4 1 6.0 6.5 5.3 6.8 6.2 5.5 6.5 6.7 5.9 
4 2 6.0 5.9 4.9 6.7 5.8 5.5 7.0 6.3 5.8 
4 3 6.7 5.9 5.1 7.0 6.1 5.0 6.4 6.6 5.7 
5 1 6.4 6.7 5.2 6.2 6.8 5.7 7.0 7.5 5.7 
5 2 6.6 6.3 5.7 7.0 6.2 5.6 6.7 7.1 6.0 
5 3 6.2 6.5 5.6 6.3 6.5 5.1 6.8 6.8 5.7 
6 1 6.1 6.5 5.9 6.3 6.7 6.3 6.5 6.4 6.1 
6 2 7.6 6.2 5.8 7.1 6.1 6.1 7.2 6.9 6.5 
6 3 6.3 7.0 5.3 6.3 6.6 5.4 6.3 6.8 5.8 
7 1 6.6 6.5 5.9 6.7 6.4 6.0 6.7 6.5 6.2 
7 2 6.2 5.5 5.2 6.2 5.9 5.5 6.6 6.3 5.7 
7 3 6.8 6.5 5.1 6.8 6.4 5,3 6.8 6.7 5.7 
8 1 7.2 7.0 6.0 7.3 7.3 6.6 7.4 7.I 6.5 
8 2 7.2 7.0 5.8 7.4 7.2 6.5 7.4 7.2 6.8 
8 3 7.0 6.6 5.9 7.2 7.1 6.6 7.4 7.2 6.7 
9 1 6.6 6.7 5.9 6.8 6.2 5.4 7.0 7.I 5.4 
9 2 6.3 5.9 5.6 6.8 6.3 5.2 7.0 6.5 5.7 
9 3 7.3 6.7 5.3 6.5 5.9 5.0 6.4 7.0 6.0 
10 1 6.0 5.8 5.2 6.0 5.9 5.4 6.6 7.2 5.3 
10 2 6.0 6.0 5.0 6.1 5.4 5.1 6.0 6.2 5.2 
10 3 6.4 5.8 5.8 6.1 6.1 5.4 6.8 7.0 5.7 
11 1 5.6 5.4 4.9 5.9 6.1 5.3 6.1 6.3 5.9 
11 2 6.0 6.0 4.7 6.0 6.1 4.7 6.5 6.4 5.2 
11 3 5.5 5.4 4.7 5.9 6.1 4.6 6.2 6.6 5.0 
12 1 6.6 6.7 5.9 5.8 6.4 5.1 6.2 6.9 5.3 
12 2 6.0 6.2 5.0 6.2 5.8 5.3 6.2 6.8 5.4 
12 3 6.2 6.4 5.7 6.1 6.3 5.1 6.6 6.1 5.6 
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APPENDIX M 
Table M-1, Nitrogen concentrations in lagoon effluent solutions used to study the denitrification 
potential of the carbon in lagoon effluent, aerated lagoon effluent, and soil 
Time, days 
0 2 6 
NO^ -N^  Kjel-ir NC^ -N Kjel-N NO^ -N Kjel-N NO^ -N Kjel-N 
Effluent 
1 0 316 0 319 0 312 8 310 
2 0 310 2 311 0 321 6 316 
3 0 321 0 312 4 307 0 3O8 
Effluent 
1 424 296 414 299 412 290 4l6 288 
2 431 287 428 282 419 296 401 292 
3 428 280 416 286 404 281 387 271 
Effluent + NO„-N 
+ soil 
1 396 730 377 751 346 727 269 714 
2 390 746 38I 726 338 739 299 749 
3 398 732 387 726 360 729 316 724 
Aerated effluent 
1 0 289 2 291 4 288 12 290 
2 0 296 6 294 7 297 0 288 
3 0 292 2 286 3 290 3 279 
Aerated effluent 
+ NO„-N 
1 ^  400 266 404 268 400 271 389 263 
2 411 260 402 264 388 260 379 258 
3 407 267 397 267 390 270 374 273 
Aerated effluent 
+ NO^ -N + soil 
1 396 722 376 707 344 731 288 719 
2 399 738 390 718 350 727 279 740 
3 408 707 388 722 367 718 297 717 
^All concentrations in mg/l. 
Table M-2. Nitrogen concentrations in lagoon effluent + glucose used to evaluate denitrlfication 
potential of the carbon in glucose 
Time» days 
0 
GOD^ , mg/l NG^ -NP Kjel-N NC^ -N Kjel-N NO^ -N Kjel-N 
0 kOk 277 418 269 390 272 
220 412 283 416 280 388 285 
440 401 287 364 284 333 29I 
1100 416 290 297 288 196 290 
2200 412 268 277 283 6 275 
4400 409 269 277 277 0 261 
1^ mg glucose = 1.1 mg GOD. 
A^ll concentrations in mg/l. 
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Table N-1. Soil carbon in each soil column at the beginning of the 
laboratory experiment 
Soil depth, inches 
Column Rep 0-6 6-12 12-24 24-48 
1 1 0.143* 0.143 0.143 0.143 
1 2 0.113 0.113 0.113 0.113 
1 3 0.137 0.137 0.137 0.137 
2 1 1.230 0.143 0.143 0.143 
2 2 1.275 0.113 0.113 0.113 
2 3 1.309 0.137 0.137 0.137 
3 1 0.482 0.482 0.353 0.213 
3 2 0.471 0.471 0,342 0,404 
3 3 0.506 0.506 0.356 0,229 
k 1 1.660 0.482 0.353 0.213 
k 2 1.686 0.471 0.342 0.404 
4 3 1.723 0,506 0,356 0.229 
5 1 0.912 0.912 0.563 0.239 
5 2 0.960 0,960 0.544 0,306 
5 3 0.940 0.940 0.646 O.318 
6 1 2.204 0.912 0,563 0.239 
6 2 2.230 0,960 0.544 0.306 
6 3 2.259 0,940 0,646 0,318 
7 1 1.136 1.136 0,970 0.343 
7 2 1.163 1.163 0,842 0.396 
7 3 1.287 1.287 0,850 0.401 
8 1 2.501 1.136 0,970 0.343 
8 2 2.557 1.163 0,842 0.396 
8 3 2.589 1.287 0,850 0.401 
9 1 2.053 2.046 1,228 0.461 
9 2 1.894 1.900 1,240 0.491 
9 3 1.974 1.962 1.258 0.457 
10 1 3.506 2.046 1.228 0.461 
10 2 3.571 1.900 1.240 0.491 
10 3 3.634 1.962 1.258 0.457 
^All amounts in percent. 
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Table N-2. Soil carbon in each soil column at the end of the laboratory 
experiment 
Soil depth, inches 
Column Rep 0-6 6-12 12-24 24-48 
1 1 0.252* 0.173 0.151 0.135 
1 2 0,267 0.162 0.203 0.126 
1 3 0.241 0.173 0.166 0.138 
2 1 0.773 0.127 0.174 0.096 
2 2 0.624 0.140 0.145 0.108 
2 3 0.686 0.161 0.175 0.100 
3 1 0.477 0.342 O.3I6 0.362 
3 2 0.366 0.413 0.271 0.368 
3 3 0.466 0.364 0.213 0.314 
4 1 0.794 0.432 0.281 0.363 
4 2 0.729 0.392 0.328 0.338 
4 3 0.816 0.405 0.288 0.304 
5 1 0.872 0.777 0.586 0.321 
5 2 0.804 0.844 0.401 0.285 
5 3 0.926 0.858 0.502 0.294 
6 1 1.625 0.983 0.624 0.275 
6 2 1.322 0.834 0.609 0.218 
6 3 1.278 0.976 0.646 0.249 
7 1 0.806 1.317 0.914 0.414 
7 2 1.400 1.224 0.844 0.401 
7 3 1.466 1.140 0.927 0.304 
8 1 1.910 1.640 1.018 0.403 
8 2 1.922 1.642 0.914 0.398 
8 3 1.418 1.481 0.979 0.361 
9 1 1.977 1.888 1.114 0.522 
9 2 2.106 1.917 1.179 0.552 
9 3 2.034 2.006 1.197 0.632 
10 1 2.377 2.088 1.148 0.545 
10 2 2.174 2.063 1.197 0.542 
10 3 2.123 1.980 1.178 0.543 
^All amounts in percent. 
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Table N-3. Total soil nitrogen in each soil column at the end of the 
laboratory experiment 
Soil depth, inches 
Column Rep 0-6 6-12 12-24 24-48 
1 1 0.005®" 0,005 0.005 0.005 
1 2 0.005 0,005 0.005 0.005 
1 3 0,005 0,005 0.005 0.005 
2 1 0,018 0,005 0,005 0.005 
2 2 0.016 0,005 0.005 0,005 
2 3 0.01? 0.005 0.005 0,005 
3 1 0,032 0,032 0.022 0.012 
3 2 0.036 0,036 0.021 0.013 
3 3 0.037 0.037 0,021 0.012 
4 1 0,043 0.032 0,022 0.012 
k 2 0.045 0,036 0,021 0,013 
k 3 0,047 0,037 0.021 0.012 
5 1 0,067 0.067 0.036 0.026 
5 2 0.062 0,062 0.038 0.021 
5 3 0,056 0,056 0,040 0.023 
6 1 0,072 0,067 0.036 0.026 
6 2 0,073 0.062 0,038 0.021 
6 3 0,074 0,056 0,040 0.023 
7 1 0,094 0,094 0.055 0.029 
7 2 0,089 0,089 0,060 0.031 
7 3 0,086 0,086 0,063 0,032 
8 1 0,106 0,094 0.055 0,029 
8 2 0,101 0.089 0.060 0,031 
8 3 0,098 0.086 0.063 0,032 
9 1 0.161 0,161 0.091 0,043 
9 2 0.190 0.190 0.090 0,039 
9 3 0.159 0.159 0.092 0,046 
10 1 0.170 0,161 0.091 0,043 
10 2 0.200 0.190 0.090 0.039 
10 3 0.169 0.159 0.092 0.046 
^All amounts in percent. 
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Table N-4, Total soil nitrogen in each soil column at the end of the 
laboratory experiment 
Soil depth. Inches 
Column Rep 0-6 6-12 12-24 24-28 
1 1 0.019* 0.017 0,012 0.009 
1 2 0.019 0.018 0.010 0.010 
1 3 0.021 0.017 0.014 0.010 
2 1 0.033 0.011 0.007 0.008 
2 2 0.060 0.011 0.007 0.007 
2 3 0.040 0.008 0.007 0.007 
3 1 0.048 0.034 0.024 0.024 
3 2 0.048 0.033 0.023 0.022 
3 3 0.055 0.036 0.024 0.024 
4 1 0.075 0.040 0.024 0.019 
4 2 0.078 0.039 0.024 0.018 
4 3 0.072 0.039 0.022 0.018 
5 1 0.042 O.O65 0.040 0.026 
5 2 0.076 0.069 0,038 0.028 
5 3 0,083 O.O65 0.039 0.024 
6 1 0.115 0,073 0.044 0.027 
6 2 0.111 0, 066 0,044 0.024 
6 3 0.105 0.080 0,047 0.026 
7 1 0.125 0.105 Q.O65 0.032 
7 2 0.111 0.104 0,071 0,029 
7 3 0.115 0.106 0.066 0.035 
8 1 0.136 0.111 0.076 0.034 
6 2 0.133 0.108 0.070 0.034 
8 3 0.120 0.115 0.070 0.037 
9 1 0.175 0,152 0.095 0.050 
9 2 0.165 0,152 0.093 0,048 
9 3 0.163 0.155 0.098 0.054 
10 1 0.173 0,162 0.102 0,047 
10 2 0.178 0,161 0,100 0.047 
10 3 0.174 0.153 0,099 0,040 
^All amounts in percent. 
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Table N-5. Estimated soil bulk density for each soil column used in the 
laboratory experiment 
Column No. 
Soil depth. inches 
0-6 6-12 12-24 24-48 
1 1.80 1.80 1.80 1.80 
2 1.53 1.80 1.80 1.80 
3 1.72 1,72 1.76 1.76 
4 1.47 1.72 1.76 1.76 
5 1.64 1.64 1.71 1.73 
6 1.41 1.64 1.71 1.73 
7 1.59 1.59 1.66 1.69 
8 1.40 1.59 1.66 1.69 
9 1.40 1.40 1.58 1.65 
10 1.21 1.40 1.58 1.65 
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Table P-1. Amount of lagoon liquid applied to each soil column in the 
laboratory 
Mo-Day 
Column Number 
1-4. 7 5 6 8 9 10 
08-17 1.97* 1.97 1.97 1.97 1.97 1.97 
08-24 2.02 2.02 2.02 2.02 2.02 2.02 
08-31 1.99 1.99 1.99 1.99 1.99 1.99 
09-0? 1.98 1.98 1.98 1.98 1.98 1.98 
09-14 1.99 1.99 1.99 1.99 1.99 1.99 
09-21 2.15 2.15 2.15 0.16 0.16 0.16 
09-28 2.01 2.01 2.01 0.01 0.01 0.01 
10-05 2.03 2.03 2.03 0.01 0.01 0.01 
10-12 1.76 1.76 1.35 1.76 1.39 1.39 
10-19 2.01 2.01 0.92 2.01 0,92 0.92 
10-26 2.02 2.02 0.32 2.02 0.32 0.87 
11-02 2.39 2.39 1.46 2.39 1.46 1.46 
11-09 1.45 1.45 0.01 1.45 0.01 0.01 
11-16 1.60 1.60 0.82 1.60 0.48 0.48 
11-23 1.58 1.58 1.04 1.58 0.56 0.56 
11-30 2.16 2.16 2.16 2.16 1.22 1.22 
12-07 1.88 1.88 1.88 1.88 1.12 1.35 
12-14 1.90 1.90 1.90 1.90 0.91 0.91 
12-21 2.03 2.03 2.03 2.03 1.13 1.13 
12-28 2.00 1.51 2.00 2.00 1.01 1.01 
01-04 1.95 1.44 1.95 1.95 0.98 0.98 
01-11 2.07 1.60 2.07 2.07 1.00 1.60 
01-18 2.07 1.15 2.07 2.07 1.15 1.15 
01-25 1.89 1.89 1.89 1.89 1.41 1.38 
02-01 1.85 1.85 1.85 1.85 0.88 1.31 
02-08 2.12 1.54 2.12 2.12 1.16 1.59 
02-15 1.98 1.43 1.98 1.98 1.08 1.72 
02-22 1.93 0.01 1.93 1.93 0.01 0.01 
03-01 2.06 2.06 2.06 2.06 0.91 1.47 
03-08 1.90 1.45 1.90 1.90 0.95 0.95 
03-15 2.03 1.53 2.03 2.03 0.95 0.95 
03-22 2.09 0.45 2.09 2.09 0.45 0.96 
03-29 2.16 0.99 2.16 2.16 0.99 1.17 
04-05 2.07 0.92 2,07 2.07 0.43 0.92 
04-12 2.02 2.02 2.02 2.02 1.01 1.50 
04-19 1.98 1.51 1.98 1.98 0.47 1.04 
04-26 1.86 0,94 1.86 1.86 0.48 0.94 
05-03 1.93 0.97 1.93 1.93 0.51 0.97 
05-10 2.03 2.03 2.03 2.03 1.49 1.49 
05-17 2.04 0.45 2.04 2.04 1.08 1.40 
05-24 1.85 1.85 1.85 1.85 0.53 1.85 
05-31 1.93 0.99 1.93 1.93 0.51 1.00 
06-07 1.93 1.00 1.93 1.93 0.55 1.00 
A^ll amounts in inches. 
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Table P-1. Continued 
Mo-Day 
Column Number 
1-4, 7 5 6 8 9 10 
06-14 1.93 0.99 1.93 • 1.93 0.49 0.49 
06-21 2.03 0.93 2.03 2.03 0.93 1.51 
06-28 0.00 0.00 0.00 0.00 0.00 0.00 
Totals 88.67 70.44 81.78 82.66 41.07 50.81 
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Table P-2. Continued 
Column Number 
Mo-Day 1 23456789 10 
06-14 1.83 1.75 1.65 1.93 0.67 1.89 1.71 1.84 0.29 0.46 
06-21 1.69 1.53 1.42 1.62 0.50 1.68 1.39 1.66 0.22 0.43 
06-28 0.76 0.79 0.66 0.71 0.50 0.54 0.62 0.61 O.16 0.5I 
Totals 79.29 70.78 62.73 66.74 48.77 70.77 65.45 62.78 13.31 17.78 
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Table P-3* Chemical oxygen demand. (COD) in percolate and applied lagoon 
liquid for laboratory soil columns 
Date Column Number 
Mo-Day 1 2 ? 4 5 6 7 8 9 10 11& 
08-24 124^  156 75 177 65 59 1030 
08-31 100 147 88 176 52 90 77 120 925 
09-07 88 101 47 126 43 47 49 81 968 
09-14 98 94 56 108 56 85 59 63 57 61 843 
10-12 37 50 34 67 37 75 42 74 40 54 783 
11-02 34 51 37 40 37 72 35 118 50 59 715 
11-30 27 46 45 46 42 88 30 102 63 69 730 
01-04 23 27 21 35 19 58 14 69 46 71 585 
02-01 35 17 22 20 37 32 20 44 59 91 948 
02-22 75 57 58 53 70 60 52 72 95 110 962 
03-22 35 48 30 28 45 30 25 36 85 83 922 
04-19 58 32 57 36 44 40 49 27 78 101 903 
05-17 32 9 12 29 27 17 22 24 54 86 1210 
06-14 55 49 66 34 40 47 35 32 80 92 1395 
06-28 38 33 44 27 50 52 40 27 73 90 
A^pplied lagoon effluent. 
A^ll concentrations in mg/l. 
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Table P-4. Total nitrogen concentration in percolate and applied Icigoon 
effluent for laboratory soil columns 
Date Column Number 
Mo-Day 1 2 ) 4 ? 6 7 8 9 10 lia 
08-24 1" 1 10 6 8 6 241 
08-31 8 6 39 21 43 35 7 1 258 
09-07 31 8 17 13 129 52 57 4 15 4 235 
09-14 227 45 105 10 78 13 171 35 39 6 241 
09-21 274 162 248 80 182 27 124 55 56 8 178 
10-12 210 186 278 168 278 10 340 22 85 17 176 
11-02 189 173 255 249 206 13 213 14 175 56 170 
11-30 220 242 197 202 174 3 203 8 87 28 175 
12-14 206 274 210 211 144 7 171 4 62 6 177 
01-04 162 238 195 249 38 13 214 10 210 10 174 
01-25 196 210 206 186 231 138 241 49 7 3 190 
03-01 192 202 204 216 67 242 218 251 31 6 250 
03-29 266 155 251 230 38 306 221 216 28 1 250 
05-03 167 268 298 278 101 17 276 25 81 5 250 
05-31 388 303 388 276 190 241 215 300 126 13 356 
06-28 306 316 356 294 228 288 274 355 144 8 
A^pplied lagoon effluent. 
A^ll concentrations in mg/l. 
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Table P-5« Total phosphorus concentrations in percolate and applied lagoon 
liquid for laboratory soil columns 
Date Column Number 
Mo-Day 1 2 3 4 5 6 7 8 9 10 if 
08-24 0.17^  0.21 0.42 0.29 0.16 0.29 68.6 
08-31 0.16 0.10 0.07 0.08 0.11 0.04 0.24 0.22 50.3 
09-07 0.10 0.02 0.06 0.10 0.12 0.05 0.16 0.16 0.07 0.01 55.6 
09-14 0.08 0.07 0.26 0.05 0.08 0.04 0.07 0.14 0.05 0.10 97.4 
09-21 0.09 0.05 0.14 0.08 0.08 0.12 0.08 0.10 0.09 0.10 47.8 
11-02 0.14 0.08 0.10 0.10 0.10 0.10 0.13 0.06 0.05 0.05 43.9 
12-07 0.23 0.38 0.16 0.14 0.18 0.17 0.10 0.20 0.19 0.02 45.8 
01-18 0.05 0.05 0,06 0.02 0.12 0.12 0.03 0.08 0.02 0.02 28.2 
02-08 0.05 0.05 0.08 0.04 0.02 0.05 0.03 0.05 0.03 0.02 92.0 
03-15 0.36 0.36 0.69 0.36 0.82 0.21 0.17 0.10 0.23 0.33 82.8 
04-26 0.03 0.03 0.04 0.03 0.20 0.01 0.03 0.02 0.03 0.03 71.0 
05-24 0.05 0.02 0.02 0.04 0.06 0.05 0.05 0.05 0.07 0.10 59.1 
06-28 0.09 0.08 0.06 0.06 0.08 0.06 0.05 0.05 0.04 0.06 
A^pplied lagoon effluent. 
A^ll concentrations in mg/l. 
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Table P-6. Chloride ion centration in percolate and applied lagoon liquid 
for laboratory soil columns 
Date Column Number 
Mo-Day 1 2 3 4 5 6 7 8 9 10 lia 
08-24 28^  47 45 49 40 40 141 
08-31 82 90 63 154 54 60 49 47 141 
09-07 123 162 101 157 97 90 79 54 64 64 144 
09-14 172 172 130 185 130 179 106 92 78 66 137 
09-21 153 153 143 172 122 153 131 166 85 73 139 
10-12 141 145 154 156 154 95 169 180 103 106 131 
11-02 141 166 162 156 154 137 147 158 113 182 126 
12-07 161 152 159 145 148 152 147 151 143 205 125 
01-11 156 170 220 163 210 158 191 158 157 253 122 
02-08 157 155 158 155 183 157 176 164 200 194 223 
03-08 280 262 179 175 264 198 220 220 182 179 249 
04-05 298 304 306 298 282 294 270 282 176 184 234 
05-10 316 343 338 305 352 283 295 310 186 242 188 
06-07 256 268 445 256 377 231 258 289 227 355 200 
06-28 231 233 327 266 363 225 271 297 241 327 
A^pplied lagoon effluent. 
A^ll concentrations in mg/l. 
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Table P-7. Percolate pH from laboratory soil columns 
Date Column No. 
Mo-Day 1 2 1 4 5 6 7 8 9 10 lia 
08-24 7.0 7.2 7.2 7.1 7.4 7.3 7.6 
09-14 7.2 7.2 7.3 7.3 7.4 7.4 7.5 7.4 7.4 7.4 7.8 
10-12 7 A  7.4 7.5 7.6 7.3 7.3 7.5 7.5 7.7 7.6 8.0 
11-16 7.8 7.7 7.9 7.5 7.3 7.2 7.7 7.6 8.3 7.9 7.7 
01-11 7.8 7.6 7.1 7.2 7.7 7.1 7.6 7.3 7.9 7.9 7.3 
02-08 7.5 7.6 7.0 7.1 7.6 7.1 7.4 7.2 8.1 8.0 7.1 
03-08 7.7 7.2 7.3 7.3 7.1 7.3 7.2 7.8 7.8 7.7 7.5 
04-05 7.5 7.6 7.2 7.1 7.3 7.2 7.3 7.2 7.9 7.8 8.2 
05-10 7.0 7.2 7.2 7.1 7.2 7.2 7.2 7.2 7.7 7.7 7.6 
06-07 7.3 7.4 6.8 6.9 7.0 7.0 7.0 7.0 7.6 7.6 7.3 
A^pplied lagoon effluent. 
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APPENDIX Q 
Analyses of Variance for Each Measured 
Constituent at Each Soil Depth Interval for 
1969 and 1970 
Completely Randomized Block Design: 
?ij - + e 1 + 1:3 +(:ij 
where, = mean change of the constituent measured in the ith block 
for the jth treatment 
/A = the grand, mean 
 ^^ = effect d.ue to blocking in the ith block 
% effect due to the jth treatment 
(g = error unaccounted, for by blocking and. treatments for the 
jth plot in the ith block 
To test the effects of blocking an is used.. The effects of the 
treatments require an The critical values for comparison are as 
follows; 
Confidence % 
90 80 
3.45 2.13 
F| 3.29 2.11 
All F's significant at the 90 and. 80 percent levels of confidence 
are signified, with an "a" and. "b," respectively. 
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Table Q-1. I969 total-N 0-6 inches 
df ss MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
00 
ON 
00 
0
0
0
 
0
0
0
 
0.001174 
0.000478 . 
0,001030 
1.14 
0.46 
Table Q-2. 1969 total-N 6-12 inches 
df ss MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0
0
0
 
0
0
0
 
0
0
0
 
0,000086 
0,001551 
0,000880 
0.10 
1.76 
Table Q-3. 1969 total-N 12-24 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.000110 
0.000882 
0.001623 
0.000055 
0.000294 
0.000270 
0.20 
1.09 
Table Q-4. 1969 carbon 0-6 inches 
, df SS MS F. 
Blocks 
Treatments 
Error 
2 
3 
6 
0.064331 
0.493303 
0.428571 
0.032165 
0.164434 
0.071428 
0.45b 
2.30° 
ISDgO* = 1.533 /0.071428(2/3) = 0.334# 
Table Q-5. 1969 carbon 6-12 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
= 
0.127416 
0.755253 
0.473233 
1.533 /0.078872(2/3) 
0,063708 
0,251744 
0,078872 
= 0.351% 
0,81. 
3.20* 
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Table Q-6. 1969 carbon 12-24 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
i 
0.046577 
0.868162 
0.554453 
0.023288 
0.289387 
0.092409 
0.24, 
3.13* 
1.533 y0.092409(2/3) = O.38Q# 
Table Q-?. 1969 pH 0-6 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.015000 
0.186666 
0.278334 
0.007500 
0.062222 
0,046389 
0.16 
1.34 
Table Q-8. 1969 pH 6-12 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.84667 
0.51333 
0.42667 
0.42334 
0.17111 
0.07111 
s? 
ISDSO* = 1.533 0^.07111(2/3) = 0.33 
Table Q-9. 1969 pH 12-24 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.12666 
0.23584 
0.28667 
0.06333 
0.07861 
0.04778 
1.32 
1.64 
Table Q-10 1970 total-N 0-6 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.000425 
0.000621 
0.002781 
0.000212 
0.000207 
0.000463 
0.46 
0.45 
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Table Q-11. 1970 total-N 6-12 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.00916 
0.004211 
O.OOI87O 
0.000458 
0.001404 
0.000323 
1.42 
4.35 
^^ 90^  : 2.132 /o.000323(2/3) = 0.0313 
Table Q-12. 1970 total-N 12-24 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.000324 
0.002086 
0.001138 
0.000162 
0.000695 
0.000190 
= 
= 2.132 y/o.000190(2/3) = 0.0240 
Table Q-13. 1970 carbon 0-6 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
i 
0.525617 
0.253309 
1.208699 
O.2628O8 
0.084436 
0.201450 
1.30 
0.42 
Table Q-14. 1970 carbon 6-12 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0.126928 
0.191798 
0,429566 
0.063464 
0.063933 
0.071592 
0.89 
0.89 
Table Q-15. 1970 carbon 12-24 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0,171100 
0.739927 
0.815202 
O.O855OO 
0.246642 
0.135867 
0.63 
1.82 
Table Q-16. 1970 pH 0-6 inches 
df SS MS F 
Blocks 
Treatments 
Error 
2 
3 
6 
0,041666 
0.049168 
0.198353 
0,020813 
0,0163,86. 
0.033059 
0.63 
0.50 
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Table Q-l?. 1970 pH 6-12 inches 
df SS MS F 
Blocks 2 0,045000 0.022500 0.20 
Treatments 3 0,189167 0.063056 0.57 
Error 6 0,668367 0.111394 
Table Q-18, 1970 pH 12-24 inches 
df SS MS F 
Blocks 2 0,161668 O.O8O834 0.64 
Treatments 3 0,313333 0,104444 0.83 
Error 6 0.751701 0.125284 
Least Significant Differences for Treatments 2 and 4 
for the Change in Each Measured Constituent at Each Soil 
Depth Interval Considering the Combined Effects 
of 1969 and 1970 
To compare the differences in the mean amounts of each measured 
constituent at each soil depth interval in each plot of Treatments 2 and 
4, 15Ds at the 90% confidence limit were calculated, 
2 
First, a pooled S over all plots for all three years' samples was 
calculated for each constituent and depth interval. Then S^  was deter­
mined for each. 
Pooled S^  = r S^ /72 
S^  = Jz (pooled S^ )/n, n = 3 samples per mean 
Finally, 
^^ 90% " 4^, «6= 0.10 
^^90% " 
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The LSD^Q  ^are as follows: 
Total-N 18D Carbon LSD  ^ ISD 
"90^   ^ "^90^  
0-6 0.051 0-6 0.585 0-6 0.653 
6-12 0.053 6-12 0.555 6-12 0.472 
12-24 0.032 12-24 0.525 12-24 0.470 
